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WHERE THE HIGHWAY DOLLAR GOES 


A STUDY OF COST DISTRIBUTION IN THE CONSTRUCTION OF CONCRETE PAVEMENTS 


Reported by J. L. HARRISON, Division of Management, U. S. Bureau of Public Roads 


URING the past few years, but more particularly | 

since the beginning of the present business de- 

pression, there has been a good deal of reference 
to larger construction programs as a means of relieving 
unemployment. In the very nature of the case, an in- 
crease in activity in any line of construction work in- 
volves the employment of additional labor both on the 
job itself and in the preparation of the materials re- | 
quired in its execution. 

All lines of construction work are valuable aids during 
seasons of unemployment but none is more effective as 
a means of providing widespread employment than 
highway construction, particularly of the higher types, 
involving as it does the direct employment of a con- 
siderable number of men on the job and the indirect 
employment of a far greater number, usually in the 
more thickly populated centers, in preparing materials, 
manufacturing equipment and supplies, and in trans- 
porting them. 

The widespread influence of Federal-aid highway 
work is especially noteworthy. The Federal-aid road 
act, effective since 1916, provides that all highway 
funds must be apportioned to the States and be ex- 
pended therein on the Federal system of highways. 
To date, as a result, the effect of Federal-aid highway 
expenditures has been felt in practically every county 
in the country. 

In view of the foregoing, this article has been pre- 
pared, in which is set forth as definitely as available 
data will permit the extent to which expenditures for 
highway improvement provide employment. The con- 
siderable extent to which such expenditures contribute 
to the support of others than those directly and in- 
directly employed is not analyzed in this article. 

It may be observed that the method of analysis 
followed in this article could be applied to any process 
of manufacture or to any activity involving the use of 
labor and salaried personnel. The results of such an 
analysis would show, in most cases, that the great bulk 
of expenditures are chargeable, either directly or in- 
directly, to the account of salaries and wages. It 
happens that the highway contracting business operates 
in general on a very narrow margin of profit; and this 
is also currently true of the activities indirectly con- 
nected with the construction of high-type roads, and 
concrete roads in particular—cement manufacture, the 
quarrying of aggregates, railway transportation, and 
coal mining. For this reason it is at least probable 
that the contribution to labor is higher in the case of 
road-building than in the case of many other industries. 
However, the chief advantage of increased highway 
construction during times of economic depression lies 
in the fact that it affords much direct employment and 
stimulates many lines of business activity at a time when | 
such an impetus is greatly needed, while at the same | 


_ meeting the increasing demand for improved | 
roads, 


For the purpose of the present study, concrete pave- | 
ment has been selected largely because it is widely used 
on the Federal-aid highway system, and because the 
effect of expenditures for pavements of this type is be- 
lieved to be typical of the effect produced by expendi- 
tures on other high-type pavements as well. Further- 
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| differ, however. 


more, it is typical of the effect produced by expenditures 
for public works generally, which have a wider influence 
than might at first be supposed. The points at which 
the influence of different types of construction is applied 
The erection of a steel bridge yields a 
different distribution of effect than is involved in the 
construction of a concrete pavement, and neither shows 
exactly the same distribution as the construction of a 
monumental building. But this is of little consequence, 
for though the application of effect is at different points, 
in all of these cases the general effect is much the same. 

The discussion which follows shows that while about 
80 to 90 per cent of the money expended for concrete 
pavement construction is ultimately paid out as salaries 
and wages, only about one-seventh or approximately 
15 per cent is paid to those employed on the jobs where 
these pavements are being built. 

Further analysis shows that about one-third of the 
cost of pavement is paid to producers of materials 
(sand, gravel, stone, cement, and steel) which are com- 
ponents of such construction. Another third is paid 
to the railroads and other transportation companies for 
transport service on account of the collection and de- 
livery of these materials. A large part of the remaining 
cost is paid to the producers of equipment. In all of 
these fields the gross payments made by the contractor 
are further distributed by the producer or the manu- 
facturer through his pay rolls and expense payments. 
Labor receives the major share of this distribution as 
the materials entering into highway construction are of 
little value in their original state. Values are created 
by the application of labor in manufacturing processes 
and in transportation. 

Labor employed on the job in quarries and pits, 
cement mills, by railroads and other transportation 
agencies, in the steel mills, powder mills, blast furnaces, 
ore pits or deposits, by equipment and machinery 
manufacturers, and by producers and distributors of 
the materials and supplies used by the above agencies, 
receives some part of the dollar expended for highway 
construction. For the most obvious phases of such 
construction, 1.e., laying the pavement, production of 
materials, and transportation of materials and equip- 
ment, about 15 per cent is paid to labor utilized on the 
job; about 12 per cent for labor in the quarries, mills, 
gravel and sand pits producing materials for the pave- 
ment; and about 14 per cent as salaries and wages to 
railroad and other transportation employees engaged 
in transport of materials to the job. 

In addition to these operations, the equipment must 
be built; repairs and spare parts must be provided. 
Materials other than those cited above are required for 
equipment needs, all of which involve labor and 
additional transportation which again involves addi- 
tional labor, with the final result that instead of the 
40 per cent of cost allotted to labor employed on the 
most obvious phases of the work it appears that about 
three-quarters of the cost of the pavement is ultimately 
paid out as compensation for the work done in the 
processes, operations, and manufacture by which the 


| multitude of raw materials are produced, manipulated, 


transported, and finally combined into the finished 
pavement. Thus, several times as much money is 
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finally disbursed to labor in a widely diversified field of | Tasue 1. 


occupations as is paid to the labor actually engaged in 
laying the pavement. 

Of the balance, which is made up of such items as 
profit, interest, rents, and charges for depletion, the 
major portion is reexpended as capital investment for 
new construction in some form, as for new factories or 


new buildings, where about the same proportion of the | 0: «gg 
total expenditure is paid out in salaries and wages as is | § {' 


paid out in the highway field. When the salaries and 
wages resulting from such use of profits are added to the 
salaries and wages developed above, it will be found that 
about 90 per cent of all payments for the construction 
of concrete pavements is ultimately converted into 
salaries and wages. 

The analysis is terminated at the point where further | 
employment of the funds concerned takes the form of 
personal expenditures by the recipients of wages, profits, 
interest, rents, etc. This further turn-over of the money | 
originally expended for highways undoubtedly acts as a | 
stimulus to business in general; the present discussion, 
however, is concerned only with the share received by 
the labor and salaried personnel employed, directly or | 
indirectly, in the construction of highways. 





COST ITEMS ANALYZED IN DETAIL 
It will be of interest to examine these expenditures in | 
greater detail, and for this purpose the following primary 
separation of the cost of concrete pavements has been | 
made. | 
1. The direct cost of laying 
(production expense). 
a. Labor. 


concrete | 
| 
b. Aggregates. | 


pavement 


c. Cement. 
d. Steel. 
e. Equipment. | 
These items cover the labor employed in connection | 
with the various operations incident to laying the | 
pavement, the cost of all materials of which the pave- | 
ment is composed and the costs represented by the | 
equipment used. | 
2. Expense incurred in connection with laying 
concrete pavement other than for production. 


f. Installation of plant. 

g. Bonds and insurance. | 
There are always certain preliminary expenses inci- | 
dent to this work which must be met, such as the cost of | 


getting on to the job, the cost of developing a working 
organization, and the cost of bonds and insurance. 

3. Job margin. 

h. Overhead. 
i. Financing. 
qj. Net profit. 

Overhead, which includes central office salaries, 
rented quarters, the cost of bidding, etc., together with 
the cost of financing, must be paid out of job margin. 
After these and related expenses are satisfied the remain- 
der is the net profit on whatever money is invested in 
the enterprise. 

Based on 1929 prices in three typical States we have 
the first column of Table 1, which follows, as being 
reasonably representative of the first or primary 


distribution of cost of an average concrete paving job. 
These costs per square yard, when reduced to equiv- 
alent parts of pavement work done to the extent of 
$1,000, result in the distribution that is used in tracing 
the conversion of moneys paid for the construction of 
concrete pavement into payments for salaries and 
wages. 
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Primary distribution of cost of average concrete paving 
job, based on 1929 prices in 8 typical States 





Cents per onan 

Item square besa: 
vard expendi- 

‘ | ture 
1. or $0. 26 $141 
res t 60 324 
’ 60 324 
teel. 0 27 
e. Equipment . 18% 100 
f. Getting on to jot .05 27 
g. Bonds and insurance . 04 22 
h. Job margin...-.. . 06% 35 
1.85 1, 000 


A distribution based gn 1930 prices would differ 
somewhat from the above. <A still greater divergence 
would be observed between a distribution based on 
current prices and the distribution given above 
Indeed, such a distribution of the cost of conerete 
pavement as the one given above changes with every 
modification in the cost of labor or the cost of materials 
It also changes as the average efficiency with which 


| this work is handled changes, as well as with every 


improvement in methods and machines. 





Sa, ‘ 
in, 
td a . ER R FOR 
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ha | 
ATERIALS F 0.8. ONLY 
2 
Ficgure 1.—TrRENpD In Unit Cost or CONCRETE PAVEMENT 


FOR ONE STATE, DURING THE YEARS FROM 1922 To 1929. 
THE Maximum SpreEAD, A, BETWEEN MATERIALS Cost 

AND AVERAGE Bip Price, Is $1.28; THE SPREAD IN 1929 
B, Is nor Over $0.53 


To show something of the rature of these changes 
Figure 1 has been included in this discussion. This 
figure is a graphical presentation of the trend in the cost 
of concrete pavement in one State, together with the 
trend in the cost of materials used in the concrete 
It is to be observed that, while the cost of material: 
has decreased, the cost of the other elements ha 
decreased quite as steadily and rather more rapidly 
In short, such a distribution as that given in Table | 
of momentary applicability only. 

There would have been definite advantages in basing 
a discussion of this sort on current conditions rathe! 
than on those existing in 1929; but in an analysis 0 
this sort much use must be made of figures regularly 
collected by the Bureau of the Census, and no figures 
collected by the Bureau of the Census on the subject 
of manufactures are available for any later date than the 
year 1929. Bureau of Internal Revenue figures have 
also been freely used and, when this analysis was made, 
these were not available for any later date than 1928. 
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DISTRIBUTION OF THE HIGHWAY DOLL 


The primary distribution of costs in Table 1 shows 
the labor directly employed on the job as Item a. For 
the purpose of showing a résumé of the labor indirectly 
employed Table 2 is given below. ‘This table is made 
up of a series of statements showing the accumulation 
of labor costs as one item after another is broken down 
to show the included labor cost. The analysis is dis- 
continued at the point (section 7) where the remaining 
items other than salaries and wages are in the form of 
payments to owners, 1. e., owners of the business, of 
property, or of money used in the various businesses | 
involved. The extent to which these items, interest, 
rents, profits, and reserve, are ultimately expended in 
salaries and wages is discussed in the latter part of the 
report. Following Table 2 is a presentation of the 
supporting evidence on which these statements are 
based, 

Item a. Labor.—Table 1 indicates that 14.1 per cent 
of the cost of conerete paving is used directly in the | 
payment of salaries and wages. In the production of 
concrete pavements labor is used directly in preparing 
the subgrade, in handling materials, in hauling them 
to the mixer, in operating equipment, and in taking care 
of the curing of the pavement, as well as for the purpose 
of accomplishing the numerous other details incident 
to this work. The general practice is to organize a 
paving crew which thereafter is of fairly uniform size 
and therefore of fairly uniform cost per working day 
The labor element of cost listed above in the second 
column of Table 1 is the average cost of working this 
crew per $1,000 worth of Portland cement concrete 
pavement completed. The actual labor cost varies 
somewhat, the minimum being around $115 and the 
maximum around $175 with an average that appears 
to be not far from $141 of each $1,000 spent in this 
field, 

This is not the whole cost of labor used directly on 
paving work, for, as will be developed in subsequent 
paragraphs, labor is used in getting on to the job and 
in preparing plant and equipment for the work of 
production that is to follow, and some expenditure for | 
clerk hire, salaries, ete., is involved in overhead. As 
that part of the cost of pavement which is covered 
under the item labor is a matter of payments to labor 
used on the job, a further analysis of these payments is 
hot required. The purpose here to indicate the 
amount of the cost of pavements of this type which, in 
one Way or another, is paid out as salaries and wages. 

Item b. Aggregates —Of the total cost of concrete 
pavement an average of about $324 per $1,000 spent 
is paid for aggregates (sand and gravel, stone, and slag) 
1.0. b. cars at the contractor’s materials yard. This 
price includes two items: Freight charges and the cost 
ot materials f. o. b. cars at points of origin—that is, 
at the quarries, gravel pits, sand pits, slag piles, etc., 
Where these materials are produced. The data avail- 

ible are not in sufficient detail to indicate an exact 
livision of cost between these two fields. In general, 
reight charges on aggregates run between 50 cents and 

1.25 a ton, the average charge reported by several | 
phippers being in the neighborhood of $1 a ton. This 

an not be far from correct as statistics published by 
he Interstate Commerce Commission (Freight Com- | 

odity Statistics, year ending December 31, 1929), 
show that during the year 1929 there were 81,408,069 

ns of gravel and sand delivered to the railroads for 

pment as revenue freight, and that the gross revenue | 


is 
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AR IN THE MARKETS OF THE NATION 


TABLE 2 Distributio of $1,000 paid for concrete highway, 
showing the ¢ pproximate amou which reaches labor in 
each of seve SUcce 

1) The contractor’s dist iti f $1,000 expended (Table 1, 

column 2 
1. Labor $141. 00 
2. Aggregates 324. 00 
3. Cement 324. 00 
t. Steel 27. 00 
5. Equipment 100. 00 
6. Plant installat 27. 00 
7. Bonding, ete 22. 00 
8. Gross profit 35. 00 
1, 000. 00 

2) After distribution of contractor’s charges (see Table 3): 

1. Salaries and wages $302. 70 
2. Freight 106. 70 
3. Materials and s 1 30. 15 
4. Fuel 35. 50 
5. Interest 14. 10 
6. Taxe 24. 10 
7. Depreciatio { repairs 1118. 15 
8. Depletior . 10, 50 
9. Profit 1S. 10 
10. For redistr t 10. 00 
1, 000. 00 
3 After distribution of freight charges ee p 30 

1. Salaries and wages $477. 70 
2. Materials and supplies 70. 55 
3. Fuel ; 57. 20 
4. Interest, rents, ete 61. 70 
5 Taxes = $9, 70 
6. Depreciation and repaii 171. 65 
4, 230ne....« 91. 00 
8. Depletion 10. 50 
9. lor redistributi 10. 00 


1, 000. 00 
1) After distribution of fuel p. 30): 

1. Salaries and wages $516. 00 
Materials and supplies 74. 20 


3. Interest, rents, ete 63. 75 
4. Taxes 51. 40 
5. Depreciation and repairs 175. 75 
6. Profit 91. 00 
7. Depletion 14. 90 
8. For redistributio 10. 00 


1, 000. 00 


5) After distribution of depreciation and cost of repairs (see 
p. ol): 

1. Salaries and wages : $568. 70 

2. Materials and supplies 176. 45 

3. Interest, rents, etc 65. 50 

4. Taxes 55. 80 

5. Depletion - . mero 14. 90 

6. Profit a 108. 65 

7. For redistribution 10. 00 

1, 000. 00 


6) After distribution of cost of materials and supplies (see p. 31): 


1. Salaries and wages $730. 90 

2. Interest, rents, etc 73. 95 

3. Taxes : 2 39. 45 

4. Depletion 17. 95 

5. Profit 127. 75 

6. For redistributio: 10. 00 

1, 000. 00 

7) After distribution of taxes and $10 for redistribution (see 


p. dl): 


1. Salaries and wages $771. 50 
2. Interest, rents, etc 81. 30 
ie... | — 129. 05 
4. Reserve for depletion - 2 18. 15 


1, 000. 00 





1 These items adjusted for freight charges assignable to materials, supplies, replace- 
ments, and repairs. , : 
? This item adjusted for amount transferred to materials and supplies. 





PL area SENS 2 ee 


24 PUBLIC 


from this source was $69,420,839, or about 85 cents 


per ton. Crushed, broken, or ground stone produced 
33,529,078 tons of revenue freight from which the 
revenue was $29,860,479, or a little over 89 cents per 
ton. 

As a general rule quarries, gravel pits, and sand pits 
are located with their major markets, the larger cities, 
in mind. When the average freight charges are con- 
sidered in the light of this fact, the average freight 
charge on materials sent to highway projects—about 
$1 a ton as given by the larger producers—does not 
appear to be estimated too high. 

The Bureau of Mines (Sand and Gravel in 1928 and 
Sand and Gravel Production in 1929) gives the pro- 
duction and the value of paving sand and paving 
gravel produced in the United States as follows (average 
values as shown are computed from the figures given 
by the Bureau of Mines): 


Tons Value Value per 
ton 

Paving sand: 1927 35, 606, = $17, 767, 491 $0, 50 
1928 ; = . 35, 244, ! 5 44 

1929 : den ie 40, 801, on l 52 

Paving gravel: 1927 $4, 891, 975 67 
. 49, O88, 786 63 

1929... oan 60, 029, 164 64 





Similar figures on broken stone for concrete and road 
metal as released by the Bureau of Mines (Stone in 
1928 and Production of Stone in 1929) are as follows: 


Quantity Value ar ag , 

Broken stone: 1927 : 78, 544, 210 $84, 177, 237 $1. 07 
1928__.. Pa 74, 384, 490 Sl, O41, 34y 1.09 

3020. ..... . 76, 174, 770 80, 685, 493 1, 


If the average freight charges on sand, gravel, and 
broken stone at $1 a ton are combined with the average 
sand and gravel prices given above, the following 





results: 
Sand Gravel Reema 
stone 
Average values per ton_-_-_-.-- rem P ..---/9053 ($0.64 $1. 06 
Freight charges per ton_- Tote , aca ae 1. 00 1. 00 
Value as delivered on the job_. zi an 1, 52 1. 64 2. 06 
Approximate price per cubic foot delivered _____- .07%4 . 0814 . 10! 
Percentage chargeable to freight___-- eteie Bheae 66 61 19 





These prices per cubic foot of aggregate delivered 
on the job are substantially in harmony with the average 
cost of aggregate given above—about 60 cents per 
square yard of pavement laid. Therefore, they are 
used as reasonably accurate and as indicating that the 
charges for freight absorb about 60 per cent of the cost 
of aggregate delivered on the job. 

Meticulous accuracy would require a somewhat 
closer division of costs than this and a somewhat wider 
distribution of transportation charges, for some of the 
aggregate used in pavement construction is moved 
from points of origin to the site of the work in trucks, and 
a small fraction is barged. However, no exact data on 
the amounts so handled are available. The great bulk 
of these materials move by rail and the division of cost 
f. o. b. contractors’ yards, though an approximation, 
is as accurate as available figures will produce and 
quite accurate enough to yield significant results. 
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Concerning the distribution of the cost of sand and 
gravel f. o. b. cars at points of origin, the Bureau of 
the Census has released preliminary data under date 
of January 28, 1931. This release is based on the 
production during 1929 of 165,526,075 tons of sand and 
gravel in plants producing more than 25,000 tons annu- 
ally. For this same period the Bureau of Mines re- 
ported a total production of 99,253,054 tons of sand and 
123,318,851 tons of gravel. The average vlaue of the 
total production in both cases is about 50 cents a ton. 
Therefore, while it would seem that the figures collected 
by the Bureau of the Census omit a considerable ton- 
nage of material produced by the smaller companies, 
it also is apparent that the average value of the pro- 
duct has not been disturbed by this situation. 

The data as to the sand and gravel industry released 
by the Bureau of the Census includes the following 
information: 








Per 

t cent 

See Se eee, 3 o. b. plant 100 
Salaries and wages, including contract work 33. 
Supplies F ll 
Fuel, includi ng purchase 1 electric power 8, 573, 371 St 
Equipment purchased during year t 694 6.5 


The census of mines and quarries for the year 1919 
gives the following data as to quarrying costs: 


All rock Lim . _ Per ce 
ily 
Capita $148, 759,533 $82, 124, 3¢ 
Salarie 7, 168, 30: 72 ) 7.0 ) 
Wages 45, 534, 798 23, 926, 332 { 
Contract work Y95, 976 665, 7 1.3 
Materials and supplie 18, 441, 459 10, 968, 220 20.8 
Fuel 5, 267, $46 2, 897, 432 
Purchased power 2, 213, 459 1, 278, 95S 2. 41 
Royalties and rents 1, 381, 200 667, 751 1.3 
Taxes 2, OSS, 170 1, 119, 86 2. 0) 
Total expense &3, 091, 301 45, 250, 704 RS. ¢ 
lotal value, all products. 101, 684, 919 52, 943, 924 
Value of stone produced 100, 423, 476 51, 967, 290 
Value of other products- 1, 261, 443 976, 634 
Stone produced, tons.. 67, 884, 000 49, 715, 000 
1 Percentage which each item in the column headed “ Limestone only”’ bear 


total value all products, $52,943,924 


Since these figures were collected there has been some 
change in quarry practices but, on the whole, rather 
less than in most production fields, for the general 
methods followed in quarrying, handling, crushing, and 
loading stone are very much the same to-day as they 
were 10 years ago. Therefore, though production has 
risen a good deal (being given bv the Bureau of Mines 
as 136,345,130 tons in 1927, 133,869,510 tons in 19238, 
and 141,109,580 tons in 1929) the cost distribution 
has changed only a little. This may be seen from the 
fact that the Bureau of Mines shows 22,967,579 man- 
days worked during 1929. (Quarry Accident Statis- 


— 


tics.) Reports issued by the Bureau of Labor Sta- § 


tistics (Trend of Employment and Labor Turnover, 
October, 1930, p. 2, and Monthly Labor Review, April, 
1930, p. 158) indicate that the average weekly wage 


full time worked, in the quarries operated by cement | 


companies was a little under $30 a week. Assuming 
that the wages paid in independent quarries were about 
what they were in the quarries owned by the cement 
companies, labor cost in 1929 could not have beet 
much, if any, over $110,000,000 and probably was 


i about $103,000,000. The total value of the stone 
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marketed was $202,692,762, so that the labor fraction 
probably exceeded 50 per cent of the value of the stone 
f. o. b. cars at the quarries. 

In the statistics issued by the Bureau of Mines, non- 
dimension stone is charged with 14,987,172 man-days 
of labor, which, at the figures given above, must have 
cost somewhere between $68,000,000 and $75,000,000. 
Nondimension stone is assumed to include: 





lons Value 

Crushed stone 92, 721, 260 oe 
Furnace flux......-. 24, 393, 500 03 
Refractory stone_...- 1, 558, 200 1, 807, 324 
Agricultural limestone 2 654, 580 3. 764, 77 
Manufacturing industries 7, 430, 749 6, 361, 2 
Kubble 907, 810 1, 324, 68 
Riprap 4, 212, 990 5, 030, 743 

133, 879, OS9 130, 711, 512 


From this it would also appear that the labor fraction 
in the cost of crushed stone is still somewhere between 
50 per cent and 60 per cent of the total cost; in other 
words, that the 1919 cost distribution given above is 
not inapplicable to crushed stone production under 
current conditions. 

Of the aggregates used in producing concrete pave- 
ments about 35 per cent is sand. There are no very 
reliable data as to the amount of gravel used as com- 
pared to the amount of broken stone used. However, 
it will be assumed that 45 per cent is gravel and 20 per 
cent broken stone, a distribution believed to be reason- 
ably accurate. 

If the figures for gravel and sand production costs 
and the distribution of the production cost of broken 
stone as given above are combined on this basis, it 
would appear that the following is a reasonable dis- 
tribution for the aggregate field taken as a whole. 


Per cent 
Salaries and wages 38 
SUppiles 14 
P ‘ Q1 


These figures account for about 60 per cent of the 
value of the aggregates purchased; the balance, nearly 
1) per cent, is unexplained in this statement. In the 
more complete distribution of this item the latest 
reports of the Bureau of Internal Revenue (Statistics 
of Income for 1928) give the following information 
which is at least reasonably applicable. 
litem 8. Mining and quarrying not elsewhere specified—Lessors 
and holders.—(Notre.—This item includes corporations, but not 
lividuals, operating quarries, gravel pits and sand pits, as 
tas a fraction of other operations in the mining and quarrying 
leld not otherwise listed. 


G tl sales 
Corporations reporting net income S60, 284, 447 
Corporations reporting no net income 46, 917, 270 
Total 107, 201,717 
Net income or deficit 
Corporations reporting net income --- - 22, 504, 402 
Corporations reporting no net income. ao 16, 817, 324 
lotal net income 4 5, 687, O78 


Net income, per cent 5. 31 

lhe figures published by the Bureau of Internal Rev- 
sg hang not include a further distribution of Item 8, 
ut for the mining and quarrying industry as a whole, 
the following figures are given: 





| during 1928; and as $1.48 during 1929. 
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Per cent 
Cost of goods sold 59. 79 
Compensation of officers 1. 54 
Interest paid : 2. 76 
Taxes paid, other than income 2. 22 
Bad debts .3e 
Depreciation 5. 74 
Depletion 5. 89 
Miscellaneous deductions 16. 36 
Net profit 5. 38 

100. 00 


Combining these figures with those developed above, 
it would appear that the following is reasonably repre- 
sentative of the distribution of costs in the production 


of aggregate: 


Per cent 

Salaries and wages 38. 0 
Supplies 14. 0 
Fuel, including purchased powe $5 
Interest paid 2.8 
Taxes, other than income 2.2 
Bad debts 3 
Depreciation 5. 7 
Depletion 5. 9 
Miscellaneous expense 17. 3 
Profit (5.3 per cent less Federal income tax 3. 1 
Income tax ae 
100. 0 


While miscellaneous expense no doubt contains a 
variety of items, in this particular field it is so largely 
a matter of repairs and replacements of equipment that 
it will hereafter be so treated. 

Applying these figures to that part of each $1,000 
spent for aggregates, the following table results: 


Proportion of each $1,000 spent for conerete roads gener- 


ated by expel ditures for materials $324 
Freight 194 
Salaries and wages } 50 
Supplies . 18 
Fuel, including purchased power ; 11 
Interest : 4 
Taxes, including income tax 6 

3ad debts, less than 50 cents 1) 
Depreciation and depletion 15 
Repairs and replacements 22 
Profit 4 
324 
Item c. Cement.—The cost of cement absorbs an 
average of about $324 out of every $1,000 spent on 
concrete pavement. The average cost of cement is 


fairly accurately indicated by the fact that during the 
fiscal year ended June 30, 1929, vouchers for Federal- 
aid payments included 4,278,485 barrels of cement 
listed separately. The cost of this cement, including 
freight, was $8,855,676 or an average cost of about 
$2.07 per barrel. During 1929 there were 25,008,203 
tons of cement delivered to the railroads for shipment 
and freight charges to the amount of $67,083,562 were 
collected. This indicates an average freight charge of 
about 51 cents per barrel and an average value for the 
cement purchased separately for use on Federal-aid 
highway construction of about $1.56 per barrel. The 
figures published by the Bureau of Mines give the aver- 
age mill price of cement as $1.62 during 1927; as $1.57 
The Bureau of 
the Census figures indicate an average value for 1929 
of $1.53. This figure is based on a production of 169,- 


868,322 barrels of Portland cement the value of which 


1 Dropped, 
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is given as $260,428,797. On the basis of 51 cents 


for freight and $1.48 as the 1929 price of cement, it aaa | eee 
would appear that about three-fourths of the cost of porting | per barrel 
cement isacharge for cement at the mills, and that about 

one-fourth is a charge for freight; or, that of the $324 | Power = rE 
per $1,000 spent on pavements about $81 is paid for | Repairs 12 2.73 
freight and about $243 is paid for cement f. 0. b. ears | “°°"°" ; “ 


at the cement mills. a ie ii 

As in other cases where freight is involved it is, of |, The data presented to the United States Tarifl 
course, obvious that the railroads do not transport all C Cmenon subdivides selling expense Curing 1929 as 
of the materials shipped. Some of it moves in barges | follows: 


and quite a little moves in trucks; however, by far the | Ee See ae ee ne “ee 
larger part of the cement used in constructing highways | Commissions vo 31 
moves by rail, so that for simplicity in analysis it will | Other selling expense 7. 32 
be assumed that it all does. 

The census of manufacturers gives the following +4 Sl 
figures for the cement industry for 1927 shown in the| The figures given above indicate that the cost of raw 


first column and for 1929 the more limited information | materials did not change materially from 1927 to 1929 
shown in the second column (Summary by Industries, |The cost of power dropped a little, presumably on 
1929). SS account of changes in the cost of coal, and in the genera! 
efficiency of operation, which evidently was somewhat 
improved; for the Bureau of Mines reports 135.8 pounds 
meh" | of coal used per barrel of cement produced in the mills 
| that used coal as fuel in 1927, against a consumption o! 
1927 +1920 | 132.3 pounds per barrel in 1929. The cost of packing 
| and shipping changed very little. Presumably the 
200,428,797 $1.66, $1.53 | labor used in making repairs and the salaries and wages 
“472001 303 258 | Paid in the laboratories were equally stable. 
: In view of these facts it would appear that, exclusive 
of salaries and wages, which are a part of administrative 
1 These figures include natural and puzzolan cement, valued at less than 2 per cer expense or a part of selling expense, the cost of the 
of total value of allcement. They are obtained by dividing the costs shown in columr labor used In producing cement during 1929 1s indicated 


1 and 2 by the corresponding production including natural and puzzolan cemer . f ; ‘= . | ‘ 
(1927, 175,330,381 barrels; 1929, 172,052,493 barrels). with reasonable accuracy by the follow ing ta le: 


Value of Portland cement produced 
Salaries !_ awa 

ll 

Materials and supplies !_. 

Fuel and power !_. 





no 





Labor costs pe r barrel of cement prod iceé d 


During the hearings before the Committee on Ways 
and Means (House of Representatives, 70th Cong. 


Cents per | 





anufacturing labor _ 49 
representatives of the cement companies filed various ape erampaans ye Pera . 07 
documents dealing with the cost of producing cement. | Quarrying 5. 4 
Table 2 from page 8,344 of volume 15 of these hearings, | P°W' -é 2. & 
which is based on data reported by 101 plants, gives | {{P* 1: 


: ; : : Laboratory I. 3l 
the information shown in the first column _ below. | 

These figures are for the year 1927. The second | 27. 69 
column gives similar figures compiled from reports| This figure is in substantial agreement with th 
from 122 mills for 1929 which were presented before | fieure civen by the Bureau of the Census—27.9 cents 
the United States Tariff Commission in connection Financial reports of cement companies controlling 
with a recent hearing on the duties on cement. | about 44 per cent of the national production capacit 


’ indicate a bonded indebtedness in 1930 of $41,735,50! 
1927 cost | 1929 cost. | Which suggests a total outstending bonded indebted: 
in cents | in cents | ness for the industry as a whole of about $95,000,000 
per barrel per barrel . ~ 4 
aah Interest charges on this sum at 5 per cent amount t 
bat TH OOO ¢§ sucoes § aver re ] ras . ore ¢ 
Raw materials quarried and purchased, including labor__-- 20. 12 20.11 £750, ind uggest an ows OG" interest hang 
1 24. 30 v1.86 | about 2.8 cents per barrel of cement produced. 
I EE Se ee ee ee eee 14. 21 1. 4$ 4 ~ es area . Cndiaed _ 
Packing and a... a Depreciation is given above as 1i.77 cents per barr 
ower, including labor. .._..._........____- " 13. 19 11. 62 rece ’ . ve) “ins . “~ ‘ts of ceme ‘Onl 
Sir aes canes tadkadine tober. a 3 . 6 of cement produced. Financial reports of cement co 


ed 14.81 : ; 4 

Packing and shipping, exclusive of labor__..-..-.............. 5. 44 9.58 | panies controlling about 44 per cent of the total produ 
Genere i administrative expense 2 ; ‘ . ° 9 , . 

reneral and administrative expense tion capacity show charges in 1930 ot a little ove F 


Selling expense ‘3 Persea 13. 85 1 


cee : on lon cee 7 $10,700,000 for depreciation and depletion, w hich 
Interest on investment (computed at 6 per cent) ___-- m 19. 14 19 50 | Suggests a total charge for all companies of aboulm 
150.501) wags | 924,400,000. As this charge does not change a egret! 
| deal from year to year, it would appear that depre 
1 Includes labor. iciation and depletion amount to about 14.3. cent 








’ | per barrel. The difference, 2.53 cents per barrel, is, # 
Another table given in the report of hearings before | least in large part, chargeable to depletion. Howevel 
the Committee on Ways and Means (p. 8345), based | this amount is somewhat more than an examination (§ 
on reports from a limited number of plants but believed | various financial reports would indicate to be ordinarl!] 
to be reasonably representative, gives the 1927 labor | allowed for depletion. For this reason depreciation 8! 


costs of the following items not separately reported | depletion are listed in the redistribution of ceme!’ 
charges as having the following values: 


above as follows: 
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Depreciation £90. 5O 
Depletion 7 3. 00 

For the year 1927 salaries as distinct from wages 


were reported by the Bureau of the Census as 
$16,331,586. Business conditions in 1929 were such 
as to make it probable that this figure is reasonably 
representative of costs during the latter year, which 
would suggest a charge of about 9.5 cents for salaries 
for the year 1929. 

Taxes are not known with any great degree of exact- 
The figures given by the Bureau of Internal 
Revenue (Statistics of Income for 1928) indicate that 


hess. 


; the taxes, including Federal income tax paid by the 
D stone, clay, and glass industries, of which the cement 
business 1s roughly a quarter, amounted to a little 
| over 2 per cent of the gross income. This would sug- 
x gest a charge of about 3 cents a barrel on the cement 

4 produced. 

vn) On the basis of the figures given above, the cost of 

al producing cement may be recast in the form used in 

at this discussion, as follows: 

ds ( t el 

ie Salaries and wages x7. 19 
, Supplies (raw materials, less labor; shipping expense, 

Ol less Jabor; and other manufacturing expense, less 

ney labor) __- 32. 30 

he Fuel and power (less labor 30. 79 

st Interest f 2. 80 

Taxes (unknown 3. 00 

; Depreciation J 14. 50 

1vé Miscellaneous expense 8. 76 

iv 

the 129. 14 
esr Profit on the basis of Bureau of Mines average value 18. 86 

ted 

Bureau of Mines average value at mills 148. 00 
» The item miscellaneous expense was obtained by 

: » adding the items of general and administrative expense, 

1. 49 selling expense, and inventory adjustment, as given in | 
07 the cost per barrel figures submitted at the hearings of 

». the Committee on Ways and Means (p. 26); and deduct- 

) ‘a 2 ‘ - e 

> 73, ) Ing items chargeable to those accounts which have been 

1. 31 otherwise cared for in this analysis. On this basis we 
® have— 

27 6 % Cents per | 
} | barrel 
(he GS General and administrative expense 13. 03 

ents. BR Selling expense _- 14. 61 

yHling ij inventory adjustment . 26 

acity a ‘i oat 

acil, i Potal 27. 90 

y Du OF 

bted- * Salaries 9. 50 

(00. Laboratory labor 1. 31 

wy: Gj axes _ 3. 00 
mnt | Interest_.-___- “s----- 280 
we | Depreciation in excess of that shown in previ- 
ous table (p. 26) - 2. 53 
19. 14 
Miscellaneous expense - 8. 76 | 





Che largest items appearing in the materials and 
supplies account beside raw materials are estimated for 
the year 1927 as follows. (See testimony before the 








“reat Committee on Ways and Means, 70th Cong., vol. 15, 
depreaa PP. 8295 to 8389.) 

cen? Gysum _ $5, 822, 498 

Mie Explosives 3, 467, 496 
a Bags LAS 2, 201, 298 

pwer' Mill supplies and machinery 21, 695, 496 | 

ation | ci ec 

dinar! 33, 186, 788 





rion aD 


; Of the above, explosives are of course a part of the 
ceme 


macpe for raw materials. If these are deducted the 
er materials listed generate a charge of about 17.2 
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cents per barrel of cement, which, with the reported cost 
of raw materials (less labor) at 14.71 cents, amounts to 
about 31.9 cents or about 2 cents less than the total 
the Bureau of the Census allocated to the item of 
materials and supplies (1927). This would seem to be 
a reasonably accurate cross check though it is probable 
that some of the cost of mill supplies and machinery 
as reported by the mills was generated by quarry opera- 
tion and therefore may appear in the cost of raw 
materials. 

Fuel and power are reported by the census (1927) as 
having cost $60,516,871, or 34.5 cents per barrel. 
The Bureau of the Census figures for 1929 do not segre- 
gate thisitem. The producers report- 


1927 1929 
(cents (cents 
per per 


barrel) barrel) 


Fuel 


24. 30 21. 86 

Power l i J cents for 1927, 
and 10. 50 &, 93 
34. 80 30. 79 


The Bureau of Mines (Cement in 1929, p. 409) gives 
the consumption of fuel in the production of Portland 
cement as follows: 


Coal .tons_ 9, 340, 434 
Oil barrels _ 2, 533, 911 
Natural gas cubie feet_41, 643, 433, 045 


Coal consumption was at the rate of 132.3 pounds per 
barrel of cement produced in the mills using coal as fuel, 
which would indicate that had coal been used exclusively 
the consumption would have been about 11,350,000 
tons. 

For 1929 the cost of fuel and power as reported by the 
cement companies, less 2.69 cents for labor, amounts to 
30.79 cents per barrel or to something over $53,000,000. 
If for simplicity of analysis it is assumed that only coal 
was used for fuel, this would indicate a price of about 
$4.50 per ton delivered at the cement mills. Actually, 


| the producers estimated the 1927 cost of coal as $42,- 


330,074. The Bureau of Mines gives the amount of 
coal used in producing cement during 1927 as 9,990- 
531 short tons. This would indicate a price of a 
little less than $4.25 per ton, which must be very close 
to the correct figure, for the Bureau of Mines gives the 
average 1927 price of coal at the mines as $1.99. The 
average freight rate on bituminous coal is about $2.25. 


The apparent cost of $4.50 noted above would seem 
to indicate either that the effective cost of oil and natural 
gas is a little higher than the cost of coal, or more 


probably that the total cost of fuel and power includes 
minor charges for oil, grease, etc. However, as the 
amount of charges of this nature is unknown, and as 
reasonable accuracy is preserved if the whole cost of 
fuel and power is assumed to be an expenditure for 
coal, further analysis will be on this basis. It would then 
appear that about 55 per cent of the cost of fuel and 
power, or about 16.9 cents per barrel of cement, is acharge 
for freight and that the balance, or substantially 13.9 
cents, is a charge for the cost of fuel at the mines. 

If the cost of mill supplies and machinery as given 
above for the year 1927 is divided by the production 
for that year, the resulting cost per barrel of cement 
produced is so close to the figure given for other manu- 
facturing expense less the labor cost of making repairs 
as to suggest that other manufacturing expense is 
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largely, if not entirely, a charge for repair and replace- 
ment parts. On this account the item supplies has 
been divided, repairs being charged at 12.08 cents per 
barrel and supplies and miscellaneous materials at 
20.22 cents per barrel. 


If the facts and the deductions made above are | 


reduced to a statement of the number of dollars out of 
each $1,000 spent on concrete road construction each 
of these various items generates, the following table 


results: 
Total value of cement used per $1,000 expended $324. 00 


Freight __ ‘pied : 81. 00 


Cement at the mill__--- hws er 243. 00 
Salaries and wages 61. 00 
Repairs........ Pe aC aig : - 20. 00 
Supplies and materials---_- ~~ -- telat ec 33. 00 
eee ae ote eenian pen rs 22. 50 
Ee oe a eiseas 28. 00 
Beeerest.... . ..--. Secreta asain Wheelie coh E 4. 50 
OO ee eae ics : 5. 00 
Depreciation .........-....- ae 20. 50 
I ing Schaap io sailed = eve = , 5 3. 00 
Miscellaneous expense _-_-_----- ; , - 714. 50 
ee 31. 00 


243. 00 

The distribution of the cost of cement is now in a 
form in which the items that require further analysis 
can be transferred to accumulations of other similar 
items. However, for a few of these items a little 
further comment may be appropriate. Repairs are, 
of course, an equipment charge and are so transferred. 
Depreciation also is an equipment charge. Both apply 
to a wide variety of machinery and equipment which, 
in general, requires constant expensive repairs in spite 
of which it depreciates rather rapidly. 

Miscellaneous expense, which is largely selling and 
administrative expense, is composed of a long list of 
items which it is impracticable to separate. There is 
some travel expense which includes railroad fares and 
hotel expense. Probably there is some expense for 
office rentals. There certainly is a charge for associa- 
tion dues. Advertising is an element in this expense. 
Office supplies, advertising, folders, booklets, etc., 
generate some of it. As no information concerning the 
amount of these expenses is available and as travel 
expense generates at least a considerable part of them, 
and arbitrary assignment of about one-third of this 
expense to railroad expense has been made and the 
balance will be treated as miscellaneous materials, 
which much of it is though some of it is not. 

Item d. Steel.—Steel, principally reinforcing steel but 
also including longitudinal joints, dowel steel, chairs, 
etc., is a highly variable element in the cost of concrete 
pavements. 
tribution of cost used in this discussion is based, the 


average use of steel is somewhat less than it is for the | 


country as a whole. However, this is not of great 
importance here, for increasing the amount of steel 
would not change the general nature of the distribution 
of the cost of concrete pavements, though it would 
somewhat alter the proportions allocated to the various 
primary subdivisions. 

An analysis similar to that used in distributing the 
cost of cement results in the distribution of that part 
of each $1,000 spent on concrete pavement which in 
this discussion is allocated to the purchase of steel, as 
follows: 


3 Rajlroad expense, $4.50; miscellaneous supplies, $10. 


In the States on which the primary dis- | 





ROADS 


Vol. 13, No. 2 


Salaries and wages ma tet OSE = cucne OOO 
Coal 1. 50 


Freight (of which $3 is freight on the finished product) 6. 00 
Equipment, repairs, depreciation 2. 50 
Materials- - - - - -- ba 8. 00 
Pracerest.. .......- 0. 40 
a ee eer ee eee 0. 90 
Administration and sales expense ® (railroad expense 20 
cents; supplies 50 cents) oes 0. 70 
Profit 7 <= eae 
27. 00 
Item e. Equipment.—The cost of equipment—$100 


out of each $1,000 spent on concrete pavements 

represents equipment costs of three kinds: Deprecia- 
tion, repairs, and operating expense. The latter, 
under the subdivision of costs used in this discussion, 
is largely a matter of fuel, lubricating oil, and minor 
incidentals. The labor used in operating equipment 
has been included with other job labor under Item a. 

The size and the amount of the equipment used in 
laving concrete pavement, except the amount of haul- 
ing equipment, is rather uniform from job to job. 
Moreover, the specifications under which concrete 
pavements are laid, though not altogether uniform, 
are sufficiently so to generate a fairly constant rate 
of depreciation for each kind of equipment used 
(See Depreciation Studies and Bulletin F, Bureau of 
Internal Revenue.) Field studies made by the Bureau 
of Public Roads indicate that the average value of 
the equipment other than hauling equipment used on 
concrete paving jobs is about $50,000. The value of 
the hauling equipment varies widely, partly on account 
of variations in the type of hauling equipment used 
and partly on account of wide variations in the distance 
materials must be moved. In occasional instances 
not more than three or four 1-ton trucks are required. 
Where the haul distance is from 15 to 20 miles as many 
as 20 heavy trucks, worth well over $100,000, are 
required. 

Under such conditions the average of even a con- 
siderable number of values obtained from field studies 
is not as certainly accurate as it appears to be in the 
matter of other job equipment the value of which is 
more nearly constant from job to job, but this average 
value, about $25,000, is at least approximately correct 
The details of a reduction of these conditions to a 
charge for depreciation and a charge for repairs do not 
require repetition here. Neither do the details of other 
analyses. 

In the nature of the case, repeir costs are at least 
largely a matter of the cost of spare parts and the 
transportation charges on them. Little extra labor 
is involved since most repairs are made by the men 
who operate the machines and their time is included 
in the cost of job labor (Item a). 
tion charges may accumulate as cash; in practice, 
they are expanded for renewals about as fast as they 
accrue. Both repairs and depreciation are therefore 
equipment charges. The analysis of these charges is 
not repeated here but the results of these analyses 
are shown in the following table: 


Distribution of the amount allocated as a charge for ; 
equipment _ ene ern A ; . $100. 00 
| 


Primary distribution: 
Repairs and depreciation 


64. 00 
Gasoline and oil_ _- 


36. 00 


} As in the case of a similar item in the distribution of the charges generated it 
making and marketing cement, this charge covers a multitude of minor items of 
which, as travel expense is of considerable importance, about a third is allocated as 

{ railroad expense and the balance as supplies, which in fact much of it is. 
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In theory, deprecia- 9 
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Secondary distribution (gasoline and oil): on concrete road construction for bonds and insurance, 
Freight $4.50 | $11 is charged to salaries and wages, $10 is charged 
/ ere 6. 80 ; ee ‘ > ; : : 
Wages (tank wagon) ________-_- : 1 00 back for redistribution with other primary costs, and 
Repairs and depreciation (tank wagon) 1.00 | $1 is considered as profit. Actually, most of this $1 
. ae . 20 | goes to reserves; but from the standpoint used in this 
Wholesale cost of gasoline 16. 50 | discussion, reserves being the property of the concerns 
36. 09 | owning them, it has the general nature of profit. This 
—.. | item as fractioned above becomes 
Third distribution (refining cost of gasoline): 





Salari ne pal 1. 20 Salaries and wages $11. 00 
mer ahora fe eae ‘<> | Redistributior 10. 00 
— and supplies ; 10. HH Profit pereree 1. 00 
ruci. . - ov - 
Repairs . 1. 85 22. 00 
Interest . 20 : : : 7 
Taxes. __- 10 Item h. Profit—FProfit, as the term is used in this 
a - | discussion, is Job profit. Out of it there must be paid 
ron 


'such items as administrative salaries, head office sal- 
16. 50 | aries, financing charges, office expenses, the balance, if 
any, being net profit. As to profit in this general field, 
which with several other lines of construction activity 


Combined totals: 














Salaries : rages 5. 20] - ; . aa a Ae , 
ae vanibeiecs 4 50 | iS covered by serial No. 54 in the classification estab- 
Taxes. - aol 7.20 | lished by the Bureau of Internal Revenue (Statistics of 
Repairs and depreciation 70. 65 | Income for 1928, p. 329) the following data appear: 
Materials and supplies- 10. 65} _ . 
Fuel . 50 | Gross income: . P 
Interest on Corporations reporting net income -.~ _ $1, 138, 033, 597 
Profit. / :. 10 | Corporations reporti! g no net income. a 375, 245, 267 
100. 00 Total 1, 513, 278, 864 
Item f. Plant installation.—The item of getting on to | Net income or deficit: . 
the job, amounting to about $27 out of every $1,000 Corporations reporting net income. ---- 69, 297, 579 
5 ; . Corporations reporting no net income_. — 32, 728, 384 
spent on concrete pavement, covers the cost of sending | ' ; pate ie 
equipment to the job (usually a freight charge), of erect- ‘Pelal wat taecun ree 36. 569. 195 


ing it, organizing, preparing to start construction, and This ea eee 
placing equipment in storage ready for reshipment bag Shige —cndlnecincriogetiaes gle: shs.cadlees” (hse ceptchigsedinaticcooe 
The amount of exact information that is available re- | ™0re than 2 per cent on the volume of business reported. 
garding the cost of these various operations is limited, It is to be observed that these data on only the 
but such as has been collected indicates that about half | ©°™Porations engaged in construction work. More than 
of this item is a freight charge and about half a labor | h#lf of the total volume of all construction work is han- 
charge. Distributed on this basis. this item reduces | dled by individuals and by partnerships, generally only 
iting the larger and stronger concerns being incorporated. 
On this account it would appear to be reasonable to 

Labor $13.50 | assume that the average net profit of corporations, 
Freight 13.50) partnerships, and individuals handling construction 
Item g. Bonds and insurance.—-The reports of the work is a good deal less than the average obtained by 
Treasury Department for 1929 as to companies which | the corporations—possibly rather less than 1 per cent. 


issue surety bonds give the following data: This suggests that of the $35 set up as job profit per 
Premiums collected, a little over any $57. 310, 000 $1,000 spent on concrete pavements, about $10 may be 
Losses and claims.._._. “per cent 43. 5 | set aside as a conservative estimate of net profit. Some 
Commissions and brokerage____.----.----do 26.3 | of the balance of $25 is spent on administrative salaries 
Uther expense (largely general overhead) _.- , , notincluded in the salaries and wages under item a and 

Fo bern ant “> | office wages. A part is undoubtedly spent on financing 
Delaan Gaaenuaes = be > , | office wages. A part is undoubtedly spent on financing 


and a part on taxes. The Bureau of Internal Revenue 
(Statistics of Income for 1928, Table 15) gives interest 
paid by construction companies as 1.04 per cent of 
gross, and taxes other than income tax as 0.48 per cent. 
Adding the income tax would bring this figure to slightly 
more than 1 per cent. There are, of course, a number 
of other minor items, but for the most part these have 
been included under the items previously discussed. 
In view of these facts, substantial accuracy would 
appear to be preserved if, on the undistributed balance 
given above ($25), $15 is assigned to office salaries and 
wages not included in item a, $5 to taxes, and $5 to 
interest payment. The following distribution results: 


bonds for highway purposes provided about one-fifth 
the total premiums collected. Of the charges listed 
ove, losses and claims are, in effect, payments toward 
construction and should therefore be distributed just 
about as original payments are distributed. Commis- 
sions and brokerage payments are, in effect, salaries 
and w ages paid those who obtain business for the surety 
companies. Other expenses are so largely salaries and 
wages paid central office employees that they will be so 
considered. Actually some other charges—as rents, 
oflice supplies, advertising, ete —are included in this 
item but the details are not of record. 

While by far the larger part of the charge for bonds 


) 


‘ 
| 
1 
} 





and insurance is a charge for surety bonds, a fraction Profit as defined above (job profit). ..---.-..-.------- _ $35. 00 
's lor workmen’s compensation, which, in the very Office salaries and wages_..____________________. 15. 00 
hature of the case, generates payments to labor; and a Interest - - -.-- ee ee 
little is for liability and other forms of insurance. On Ege al wenwencncese OD 
the whole, however, a reasonably accurate view of this PETES (BEG) 0 2 ~ nnn nn nin an annwnntnsneawonmnanat 10. 00 


matter is had if of the $22 paid out of each $1,000 spent " 
107999—32——-2 
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The distributions made and described above are 
summarized in Table 3. 


TaBLE 3.—Summary of the various steps through which the 
contractor’s payment of $1,000 are traced, and the amounts 
attributable to each 





Item | ~ = 
¢ 2 | ¢ z 3 ~ 
5 -: o a e = = 2 
5 se iz = | & ge | ae 
a. Salaries and 
wages - $141. 00 
b. Aggregate 50. 00 $194.00 $18.00 $11.00 $4.00 8 6.00 29. 50 487. 50 $4.00 
c. Cement 61.00, 113.50) 43.00, 22.50, 4.50 5.00 40.50 3.0031.00 
Ge Weis nance 6.00 6.20 8.50) 1.50 .40 . 90 2.50'.....| 1.00 
e. Equipment.. 5, 20 4.50) 10.65 50 20' 7.20) 70.65 1,10 
J. Plant instal- 
lation _. 13.50, 13.50 
g. Bonds and in- 
surance. __.. 11.00 _. J is 1. 00 $10. 00 
h. Job margin 15. 00 5.00 5.00 : 10. 00 
302. 70) 331.70) 80.15) 35.50) 14.10 24.10) 143. 15)10. 50.48.10 10.00 
Adjustments ! +75. 00 —50. 00 —25. 00 
302.70 406.70) 30.15) 25.50 14.10 24.10 118. 1510.5048.10 10.00 
1 These adjustments are inade here to avoid recasting the freight analysis on 


account of freight allowances on repairs, replacements, materials, and supplies 
FREIGHT COSTS ANALYZED 


For the year 1929 the Bureau of Railway Economics 
gives the following interesting statement of the cost 
elements involved in operating railroads: 


[Repeated here to ? decin‘al places rather than to 4 as published! 


Distribhi 

Per tion of 

cent $‘05.70 

enaree 

Total salaries and wages, including executive management | 42.42 $172. 50 
Locomotive fuel, principally coal. - 4.3 1.70 
Materials and supplies- -----._-- 1s. 05 73.40 
Rent of cars and common facilities 1.97 8. 00 
Other expense idepreciation, loss and damage, injuries 5. 66 23. 00 
. aos ~ 6. 29 27. +0 
Rent of leased reads 2.73 11.10 
Enterest.......... 7.00 28. 50 
Dividends. _---- 7.77 31. 60 
Balance 2.77 11.30 
4106. 70 


Of the above items some, as salaries and wages, can 
be used in the form in which they now stand; others 
require some further comment. Thus, materials and 
supplies cover the cost of repair parts for mechanical 
equipment as well as the numerous materials otherwise 
used in connection with the operation of our railroad 
system. 

In the absence of more accurate information about 
half of this item, $37, is treated as repairs and the bal- 
ance, $36.40, as materials and supplies. Rent of cars 
and common facilities and rent of leased roads cover 

ayments for the use of facilities not owned. Accord- 
ingly they are included with interest in the column set 
aside for interest and rents as these items have a some- 
what similar ultimate purpose. 
up of two quite unreliable items. Depreciation, which 
is an equipment charge, generates about five-sevenths 
of the charge; the balance is made up of charges for 
loss and damage, injuries and insurance. In the last 
analysis, loss and damage payments are purchases of 
materials. It is also at least measurably correct to 
consider payments on account of injuries as salaries 
and wages. Of the charge for other expense $16.50 


Other expenses is made | 
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has therefore been allocated to depreciation, $4 to 
materials and supplies, and $2.50 to salaries and wages. 
Dividends and balance given above are, of course, 
profit. 

If the totals from Table 3 are adjusted on the basis 
of this distribution, the following cost distribution 
results: 


ount 


Salaries and waves #302. 70 $175. 00 $477.70 


Materials and supplies 0.15 10. 40 0 

"ue $5. 50 21.70 570) 
Interest, rents, ete 14.10 17. 60 61.70 
axes 24. 1¢ 25. 60 ( 
Tey reciation ¢ 18.1 m3 FY) -| 

Profit {8.10 12. 40 1.00 
Depletion 0 0 On 


0 
Redistributior 0.00 0 10.00 


) O00. OF 


FUEL COSTS REDISTRIBUTED 


The latest information regarding labor and other 
costs incident to the production of bituminous coal is 
that published by the Bureau of the Census for the 
vear 1929. Wages are reported as amounting to 
$574,800,072. Salaries are not reported for 1929 In 
1919 they were slightly more than 10 per cent of the 
cost of wages. The value of the products, which in- 
cludes a small amount for other than coal produced, is 
given as $966,693,771. It would therefore appear that 
salaries and wages absorb about 65 per cent of the value 
of the coal produced, which amounts to about 67 pet 
cent of the coal sold. Information released by the 
Bureau of Internal Revenue (Statistics of Income for 
1928) indicates that the industry, taken as a whole, 
operates at aloss. The following table gives the results 


of distributing the cost of fuel 
Reaistri 
Amount buted coal Pot 
| Salaries and wages $177. 70 $35. 30 S5lt 
| Materials and supplie 70. 55 6. 65 
Interest, rents, etc = 61.70 2. 0F f 
laxes 19.70 1.70 
Depreciation and repa 171. 65 1.10 
Profit G1. 00 0 a) Ov 
Depletion 10. 50 1, 40 “ 
Redistribution 10. 00 0 Ow 


MATERIALS AND SUPPLIES, REPAIRS AND DEPRECIATION ADD TO 
WAGE ACCOUNT 

The two remaining items that involve the direct use 

of commodities are materials and supplies and repairs 

and depreciation. The number of commodities in- 

volved in these two groups is so large that even if the 

amount of each kind used were known exactly, the task 

of dividing each oné into its constituent parts would be 

| very great. Actually, the materials used are not known 
in detail, though often the more important materials 
are a matter of rather common knowledge. On this 


| 


account, it is necessary to adopt a somewhat different 
method for the further study of this matter, which i: 
possible because for every commodity separately class 
‘fied the Bureau of the Census, in its census of manw- 
_facturers, gives ‘‘the value added by manufacture.” 
This value is the difference between the value of the 
| commodities manufactured and the cost of the materials, 
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supplies, fuel and power used in producing them. The 
value added by manufacture then contains, first, the 
salaries and wages paid; second, all charges for depre- 
ciation; third, such miscellaneous items as taxes, in- 
terest and sales expense; and finally, profit. 

Taking up first the further analysis of repairs and 
depreciation, a number of facts are apparent. The 
first of these is that while charges for depreciation may 
accumulate as cash reserve, as a general rule they are 
expended on renewals and improvements about as fast 
as they accrue. On this account they may reasonably 
be considered as expenditures for new equipment 
Obviously, repair costs are such expenditures. 

The second point deserving comment is that, as 
charges for repairs and depreciation are very largely 
venerated by the plant and equipment used in manu- 
facturing and in transporting, so much the larger part 
of these charges involves such items as machine tools, 
foundry and machine shop products, motor vehicles, 
motor vehicle bodies and parts, cars (railroad) and 
locomotives, it will be assumed that all of this charge 
involves these fields. 

The third point to be noted is that, in the very 
nature of the case, charges for repair parts and for new 
machines include delivery costs, freight, or 
These charges should be estimated. 

Upon adjustment of the table in the light of the re- 


express. 


sults of the analysis of depreciation and repairs, the 
following distribution of expenditures results: 
Repairs 
{mount ind depre lotal 
elation 
and wage SHLH, M 5 70 < s 
erial id supplic 7 2 
erest, rer etl ( rei r th 4 
1.40 1.40 ~ 
eprle 14. 90 1 
I OL. 00 LOS, ¢ 
t 10. 00 ( 10. { 
O00, OO 


\ similar analysis of materials and supplies results in 
the adjustments shown in the following table: 


Material 
An t and 
supplies 
nd wages $568. 70 $162. 20 S730. 4 
ents, et 65. 50 x4 3 
‘a 30. 80 sf 0. 4 
we 14. 90 th 17.9 
r 108. 65 10.10 27 
t 10. 00 0 10. 0 
201. 45 OOO, OX 
leducted on account of materials and supplies and added to this account f 


ition here 


TAXES SIMILARLY REDISTRIBUTED 


_ Taxes are payments in support of government. Munic- 
Ipal, county, State, and Federal taxes are involved in 
unknown proportions. Interest payments absorb less 
than 5 per cent of the gross State revenues. They ab- 
sorb something more than 15 per cent of the revenue of 
the Federal Government. (See Financial Statistics of 
States, 1929, Bureau of the Census.) The proportion 
ol municipal and county revenue paid out as interest is 
unknown but is probably higher than the percentage 
reported as paid out by the States. In distributing 
taxes, it has been assumed that about 10 per cent is 
distributed as interest payments. 
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The pay roll absorbs a very large part of all govern- 
ment expenditures. The amount so absorbed is un- 
known but, aside from expenditures for public work 
salaries and wages are believed usually to absorb the 
greater part of the balance after debt service. As only 
a comparatively sinall amount of the taxes on business 
operations is spent in the highway field and as most 
other public works, except buildings and sewer systems, 
are presumed to be self-supporting, about 50 per cent 
of the tax taken out is allocated to salaries and wages 
and the balance—about 40 per cent—is allocated to the 
account of materials and supplies. On the basis of a 
preliminary calculation, as shown above, this was 
charged to materials and supplies as $25, which left a 
balance of $39.45 to be distributed, one-sixth to interest 
and five-sixths to salaries and wages. Distributed on 
this basis, interest amounts to $6.55 and salaries and 


wages to $32.90. The table now reduces to the 
following form: 
Distribu 
ion of rotal 
taxes 
ilaric hd wage $730. 4O $32. 90 $763. 80 
Interest, rents, ¢ 73.9 ( 80. 50 
Depletion 7.95 0 17. 95 
Profit 97.75 0 127.7 
Redistributi 10. 00 0 10. 00 
9. 45 1, 000. 00 


If the $10 held for redistribution is now distributed 
under the headings now remaining, the following table 


results: 
= i Distribu ‘ 
\mount tion of $10 Potal 
Salaries and wage $763. 80 $7.70 $771.50 
Interest, rents, € 80. 50 0.80 81.30 
Depletior 7.98 0. 20 8.15 
Prof i. 7 1.30 129. 05 
10. 00 1, 000. 00 


In this form the original expenditure is now 
into two classes of expenditures: 


divided 


Payments for salaries and wages 

Payments to owners—that is, 
of property, om of money 
nesses conducted 


$771. 50 
owners of the business, 
used in the various busi- 
228. 50 


1, 000. 00 


This is about as far as the quantitative analysis may 
be carried with approximate certainty. If a further 
breakdown is attempted the quantities become some- 
what doubtful; but there is still a further share for 
labor in the last quarter of the expenditure. 

The preceding quantitative discussion is based on a 
period of unusual business activity. In times of de- 
pression such as the present, the residue composed of 
interest, rents, royalties, and profits shrinks both in 
absolute amount and in relation to the total. In view 
of this well known fact, it seems probable that, of the 
total expenditures for road construction at the present 
time, nearer 85 than 75 per cent may be thus directly 
traced into the hands of labor. Beyond this, there 1s 
still to be considered the fact that a part of the money 
paid to owners is immediately reinvested or expended, 
even in periods of depression, although a greater part 
is certainly so used in more prosperous times. And 


(Continued on p. 38 
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THE RESISTANCE OF CONCRETE TO FROST ACTION 


By F. H. JACKSON, Senior Engineer of Tests, and GEORGE WERNER, 


HIS report gives the results of an investigation 


which was begun about six years ago for the | 


purpose of determining how the resistance of 
concrete to frost action is affected by the character 
of the coarse aggregate used in the mixture. The tests 
were the first of a number of investigations to be 
started, all along the same general line, and including, 
among others, researches by C. H. Scholer at Kansas 
State Agricultural College; C. A. Hughes at the Uni- 
versity of Minnesota, and the Portland Cement Asso- 
ciation. The work was greatly hampered at the 
beginning because of a lack of information as to the 
proper procedure to be followed in making freezing tests 
in the laboratory. For this reason the original freezing 
cycle, which consisted of alternately saturating a large 


volume of concrete in water at 70° F. and then subject- | 


ing the specimens to an air temperature of about 20° F. 
in an ordinary cold storage room, proved entirely 
inadequate for the purpose. 

This effort was followed by attempts to produce 
action through the use of lower freezing temperatures; 
that is, a minimum of about 5° F. Even under these 
conditions the action proved to be so slow that the 
method was finally abandoned in favor of an entirely 
different type of freezing cycle, as well as a different 
type of specimen. The results of tests by the third 
method, while somewhat contradictory and by no 
means conclusive, proved of considerable interest 
and it has accordingly been decided to report the data 
obtained, together with certain results obtained during 
work under the second cycle which appear to be 
significant. 

In reviewing the data presented in this report the 
reader should bear in mind that these tests were of an 
exploratory nature. Very little was known about the 
pa when the work was started. Many mistakes 
were made and many things were done which it is now 
realized should not have been done. It is felt, however, 


Senior Scientific Aid, Division of Tests, U. S. Bureau of Public Roads 


, River concrete sand with properties as indicated in 
Table 2 were used in all specimens with the exception 
just noted. The coarse aggregates were all sampled 
at the point of origin by a representative of the bureau 
and were chosen so as to represent materials having : 
| wide range in characteristics. Several sources were in- 
cluded which had previously been questioned because of 
failure in the sodium sulphate soundness test as well as 
others which were of unquestioned soundness. ‘The 
types, character, and essential physical properties of the 
coarse aggregates used in these tests are given in Table 3. 


Tasie 1.—Tests of Portland cement. 


tests on six samples 


Results are the ave rage of 


| Fineness: Retained on No. 200 
sieve 

Initial set 

Final set 

Tensile strength of 1.3 Ottawa sand 
mortar briquets: 


14.8 per cent. 
3 hours, 40 minutes 
6 hours, 25 minutes 


| 

| 7 days 260 pounds per square inch 
| 28 days 355 pounds per square inch, 
| = ry? . 

| TABLE,2.— Tests of fine aggregate. Results are the average of test 
| 


on five samples 


Sieve analysis: Per cent 
| Retained on No. 10 sieve 1b 
Retained on No. 20 sieve - - 31 
| Retained on No. 30 sieve 52 
Retained on No. 50 sieve_ - 81 
Retained on No. 100 sieve 94 
| Loss by elutriation Soran 2. 3 

Tensile strength ratio! (1:3 mortar briquets) : 

7 days 112 per cent 
28 days 110 per cent 


TasBie 3.—-Characteristics of coarse aggregates used in freezing 


and thawing tests 


that the results which have been finally obtained are of | 


sufficient significance to justify the time and expense of 
carrying out this series of tests. In studying the data, 
however, it should be borne in mind that the results of 
tests involving individual materials should not be in- 
terpreted too literally, but should only be considered as 
indicating the possibility of certain trends which 
are of general significance only as they are substan- 
tiated by further work on aggregates having similar 


characteristics. 
CONCRETE SPECIMENS 


The program called for the fabrication of 648 concrete | 


beams 6 by 6 by 30 inches in size, using 18 different 
coarse aggregates of widely varying characteristics and 
three proportions, 1:14:3, 1:2:4, and 1:3:6. Because 
of the fact that the stock of cement reserved for these 
tests was not quite sufficient to complete the series, it 


these concretes are not included in Tables 5 and 6, 
although reference to the behavior of aggregate 15 in 
concrete is made in the discussion, because of certain 


interesting features in connection with this particular 
A standard Portland cement having the 
physical properties indicated in Table 1 and Potomac 


material. 
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Per- Per 
Ag- Per- 
centage cent- 
ab a l'ype State Mineral composition 0 cent- age of 
gate ahe age of P 
No ey weer 
=, tion pleces* 
1 Limestone Maryland...... Siliceous limestone -- 0.10 4.2 
2 Gravel. District of Col- Quartz, chert, gneiss, 51 8.9 
umbia. schist, sandstone. 
South Carolina. Granular quartz- 58 32. ¢ 
Pennsylvania Sandstone_-_.--.- : 1. 21 2.3 
New Jersey -. Granular quartz ._- -- 51 27 s 
6 — Massachusetts. Quartz, granite, quart- 45 18.3 . 
zite, schist, gneiss. 
7 Dolomite ae Dolomite. t ee 136 69.0 


3 a wie 

4 Me wiceda 
| ea See 
| 


8 Diabase_....; Connecticut.... Diabase__-. 200 «28 
9 Basalt New Jersey.... Basalt aot ERNE 10 32.0 
10 Limestone...’ Ohio- Crystalline limestone_. . A 


ll Dolomite___- 
12 Limestone_-. 
13. Gravel 


Illinois... 
Minnesota. 
do 


Dolomite. ~é , 

Argillaceous simestone 

Dolomite, limestone, 
chert, granite, and 
shale. 


14 Dolomite Michigar Dolomite = 42. 24 7.6 
15 Limestone Illinois Chert and limestone 1.90 
ee do-_-. New York Cherty limestone ; ON 2 
| 17 Slag Ohio Porous blast furnace 2.85 (5 
slag. 
cal, ...do Blast furnace slag - - (°) 
| 





1A, 
2A. 
a AY 


4 Material variable 
5 No abrasion test 
* No abrasion test 


verage of several tests from this source. 


was found necessary to use a different cement in making | series. 
up the specimens in which aggregates 2 and 15 were | 
used. For this reason the results of freezing tests on | 


in quality. 
made. 
made. 


A.S. H. O. tentative standard method No. 3 for stone, No. 4 for gravel. 
A. S. H. O. tentative standard method No. 6. 
i Test not made on sample used i 


These are maximum values. 


Weight per cubic foot approximately 70 pounds 
Weight per cubic foot approximately 85 pounds 


Each of the samples of coarse aggregate was regraded 


| at the laboratory by passing it over a revolving scrcet 
equipped with sections having ¥-inch, \-inch, %-inch, 


/ and 14-inch square openings. 
5 


1 As compared with 1:3 Ottawa sand mortar briquets. 


The concrete aggrevate 
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in each case was made up of the three fractions resulting 
from this screening, in the following proportions: 


Per cent 
\4-inch to %-ineh___- ‘ 20 
o-inch to 34-inch 7 25 
3;-inch to 1'4-inch 55 


A determination of the weight per cubic foot was 
made on each sample graded as above, and from this 
value the necessary weights of each size to be used in 
proportioning the concrete was calculated. Concrete 
was mixed with shovels in large galvanized iron pans, 
and molded into beam specimens 6 by 6 by 30 inches 
in size in accordance with a uniform procedure. Con- 
sistency was maintained by means of the flow test at 
approximately 140; that is, a medium consistency such 
as would be used in pavement work. All specimens 
were stored under wet earth for 28 days, after which 
the first freezing cycle was started. The wet earth 
storage was continued in the case of all specimens not 
being subjected to freézing and thawing. 

For each aggregate 36 concrete beams were fabri- 
cated, 12 of each of the three proportions, 1:1}$:3, 1:2:4 
and 1:3:6. Eighteen specimens of each lot (6 of each 
of the 3 mixes) were subjected to freezing and 18 were 
stored under normal temperature conditions. 

SOUNDNESS TESTS OF AGGREGATES 

In addition to the various routine tests, the results 
of which are given in Table 3, each coarse aggregate 
was subjected to five reversals in the sodium sulphate 
soundness test conducted in accordance with the tenta- 
tive standard method of the American Association of 
State Highway Officials! as well as a direct freezing 
test conducted in accordance with the following 
method. 

Representative samples of each aggregate weighing 
approximately 10 pounds were alternately saturated 
in water at 70° F. and then frozen in air at a tempera- 
ture of about 0° F. An ice machine having a total 
capacity of 4 cubic feet was used for this purpose, as 
well as for freezing concrete during the third cycle. 
The aggregates were contained in small wooden boxes 
having copper screen bottoms. The samples were 
divided into two lots, one of which was frozen 8 hours 
and thawed 16 hours, while the other was frozen 16 
hours and thawed 8 hours. At the end of each week 
the lots were reversed so as to equalize the severity of 
the freezing action. Progressive disintegration was 
noted by making visual examinations from time to 
time of the individual fragments composing each sample 
The results of the sodium sulphate and freezing tests 
on the aggregates are given in Table 4. 


FREEZING TESTS ON CONCRETE 


First cycle—As previously noted, the first freezing 
cycle consisted of saturating the full-size beams with 
water and then immediately removing them to a room 
laving an air temperature of approximately 20° F. An 
attempt was made to freeze nine specimens of each lot 
(three of each mix) at one time, making a total of 162 
Specimens in the cold room, while a corresponding 
number were being thawed. The freezing room chosen 
for the work was one of the rooms in the cold storage 
plant of the Department of Agriculture at Arlington, 
Ya. The room was 8 feet by 14 feet in size by 11 feet 
in height. Although previous tests had indicated that 


sitesinde 


1A. A. 8. H.O, 
gate (T-9). 





Tentative Standard method of test for soundness of coarse agggre 
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TABLE 4.—Results of sodium sulphate soundness and freezing tests 
on coarse aggregates 

Freezing test 
( arse > 
' ni [ype of coarse ce ; ts ge : Alter- Per cent affected at end of 
6c pic netinsnlct oe nations alternations 
gate iggregate absory indness é ss 
rope rae at first 
No — — indica- 
tionof 4 ‘ ‘ ‘ 
~ 21 30 0 80 230 | 280 
failure : 4 
] Limestone 0. 10 sound 21 5 5 5 5 
2 Gravel 51 do 21 30 |.. a 30 
} do.. s 1 10 95 95 95 9S 
$ do... 21 u 21 wen 2 50 50 
do.. 51 | Sound : 10 = 95 95 95 QS 
do... 4 d 21 1 a 40 40 
Dolomite 1, 3¢ Pieccment <e” bueneloueclenselee cleo 
Diabase 0) 
9 Basalt 0 — 
10 Limestone 21 30 60 60 
l Dolomite 2 : 5 5 5 5 
12 Limestone 1. 35 i 21 js 15 | 100 100) 100 
13 Gravel 4 10 5 5 5 5 
14. Dolomite 2. 24 d 10 30 «30 80 80 80 
15 Limestone 1, 90 d 10 80 |.. Rese 
lf d OS ind st) a I 5 4 
17 Slag 2. 85 i 21 oe 10 30 
is lo 21 l ] 1 l ] 60 
1 No action \ j Test not made. 


thorough freezing could be accomplished in about 24 
hours, the capacity of the plant proved entirely inade- 
quate for the volume of concrete which was to be frozen. 
This was demonstrated at the end of 50 and again at the 
end of 100 cycles of freezing and thawing, when tests for 
modulus of rupture of the frozen beams were made and 
the results compared to similar tests on unfrozen speci- 
mens. In neither case was there evidence of any delete- 
rious effect of frost action, even in the 1:3:6 mixes. 

Second cycle It was realized after these experiments 
that in order to increase the efficiency of the freezing 
plant to a point where it would be possible actually to 
freeze the specimens, it would be necessary to reduce 
very materially the number frozen at one time. In 
view of the time required to do this, it was decided to 
try freezing a full set of the 1:3:6 specimens in the 
cold-storage plant at the old Center Market, Washing- 
ton, D. C., where it was possible to obtain not only 
lower temperatures (2 minimum of about 5° F.) but 
also much greater capacity, resulting in more rapid 
freezing. This cycle consisted of alternately immersing 
in water at 70° F. and freezing in air at a minimum of 
5° F. The duration of each complete alternation was 
24 hours. The specimens subjected to this test were 
of the 1:3:6 mix and comprised beams which had 
already been subjected to 100 alternations at Arlington. 
Three beams for each aggregate were subjected to this 
cycle and at the conclusion of 70 alternations were 
tested for modulus of rupture in comparison with 
similar beams unfrozen. The concrete specimens at this 
time were approximately two years old. The results of 
these tests are shown in Table 5. It will be observed 
that there is, in all cases, a falling off in strength due to 
freezing. The extent of this reduction varies from 3 per 
cent in the case of aggregate No. 10, to 100 per cent in 
the case of aggregate No. 14. However, an examination 
of the data fails to show any definite relation between 
the soundness of the aggregate as revealed by either 
the sodium sulphate test or a freezing test and the 
soundness of the concrete. An inspection of the frozen 


'specimens after test indicated that the reduction in 


strength was, in almost all cases, due to a weakening 
of the mortar rather than to the coarse aggregate. 
Exception to this conclusion may be noted in aggregate 
No. 14, a silicious and argillaceous dolomite. In this 











Ie ea a eis 


34 PUBLIC ROADS 


case action had progressed to the point where the con- | Taste 6.—Relation between soundness of coarse aggregates and 


crete failed before any load could be applied. Failure 


was undoubtedly accelerated by action on the aggre- | 


gate. It is of interest to note that concrete containing 
the two limestones and the dolomite which were sound 


| 


by the sodium sulphate test (Nos. 1, 7, and 16) showed | 


relatively high resistance to frost action, as did also 
one unsound limestone, No. 10. The two trap rock 


concretes, Nos. 8 and 9, although the coarse aggregates | 


were of unquestioned soundness, showed low resistance, 
possibly because of some condition associated with bond 
between mortar and aggregate. 


TABLE 5.—Effect of alternate freezing and thawing on the flexural 
strength of concrete containing various types and grades of coarse 


aggregate. Each value average of tests on three specimens. 
Proportions_. 1:3:6 by volume. 
Consistency... .....- Medium. 


Water-cement ratio_- 
Age at test........--. 
Freezing treatment 


Approximately 1.40. 
Approximately 2 years 

100 alternations, cycle No. | 
70 alternations, cycle No 


Modulus of rupture 


wme| ‘Typectecere | Beting of coarse [" Mrs Rr ewne Ce 
gate “aggregate aggregate, sodium hi tion in 
N — sulphate test 
No. strength 
Frozen Unfrozen 

1 | Limestone. . Sound____._- dee 354 373 5 
3 | Gravel ....do — ses 264 340 22 
| en do Unsound aan 266 348 24 
: een = Sound_. 271 340 20 

— = .do . 244 384 14 
7 | Dolomite. _do.. 390 435 10 
8 | Diabase .do 272 383 29 
9 | Basalt_._- do 341 418 18 
10 | Limestone Unsound.__. 135 440 3 
11 | Dolomite_. do 341 452 25 
12 | Limestone do 272 384 29 
13 | Gravel_- do 360) 478 25 
14 | Dolomite_. do (') | eee 
{6 Limestone Sound 362 432 16 
17 | Slag... do 342 435 21 
i eas do... t . 337 445 “5 


1 Concrete failed before load could be applied. 


Third cycle-—The test results which are reported in 
Table 5 indicated that, even under the low-temperature 
condition obtaining at the Center Market, action would 
be very slow on the richer mixtures. It was accord- 
ingly decided to abandon this method of freezing entirely 
in favor of some method which would insure a more ac- 
celerated action. For this purpose the small ice ma- 
chine used for the freezing tests on the aggregates was 
employed. The specimens for freezing were prepared 
by sawing concrete beams which had been stored under 
earth continuously until this time into prisms, 4 inches 
in width. This provided specimens 6 by 6 by 4 inches 
in size, each of which had two sawed faces, exposing 
the coarse aggregate, three faces which had been in 
contact with the form and one face which was the 
surface of the original beam as molded. The specimens 
were sawed with a large circular saw set with carbo- 
rundum teeth. Four specimens for each aggregate, 
two of each of the 1:2:4 and 1:1%:3 mixes, were pre- 
pared for test. The group of thirty-six 1:2:4 specimens 
was tested first, the alternations being so arranged that 
one specimen of each aggregate was freezing while the 
other was thawing. This provided for the freezing of 
18 specimens at one time. The freezing of the 1:1%:3 
specimens followed the completion of 200 alternations 
on the 1:2:4 concretes. The 1:1%:3 specimens were 
frozen for a total of 130 alternations. Figure 1 illus- 
trates the appearance of the prisms before test. The 
varied effects of alternate freezing and thawing are 
shown in Figure 2. 


| 
| 
| 


resistance of concrete 


to freezing and thawing. Age at 
approximately 3 years 


test, 


Freezing and thawing tests on 
concrete . 


Soundness tests on aggregate 


1 Mix, 1:1)9:3 1 Mix, 1:2:4 
Type Number 2 Number 3 
& & 
; of alter- ~ of alter 2 
. Rating by nations & nations % 
2 sodi_m Rating by freezing atfailure? 2 at failure 33 
4. sulphate = = 
a ¥ test @ of 9 
3 test te & 
< 5 cycles eee 3 ren > 
= | A —< i 
4 S13 b & 3 be 
pe = r= = $ Ss = 
oo = ' : - . 
< Pao cs ~ — =— ~ 
P. ct P. ot 
1 | Limestone ound Sound 10 100 O 55 40 ( 
3 | Gravel do | sound (9). 50 90 0 40 65 
4 do. Unsound Unsound (50 70) «110 | 1 60) 110 
lo Sound Unsound (9S 70 110 0 SO. 100 
th do do Questionable (40 40 sO 0 30 70 ( 
y Dolomite do Sound (0 40 WO 0 30 vO 
sS | Diabase do do 40 vO 0 Ww 65 
9 | Basalt. do cle 40 100 0 2 65 
10 Limestone Unsound Unsound (60 85 (*) 5 50 ”) 
it | Dolomite do sound (5). 85 (4) 10 50) 150 
| 12 Limestone do... Unsound (100 40 100 100 BO 0 (K 
13 Gravel do Sound (5 40 ' 35 | 200 
14 | Dolomite kc Unsound (S80 g5 (( 50 85) 160 
16 | Limestone Sound Sound (5 85 (8) 10 55 |) 160 
17 | Slag 1 Sound (30 10 130 --| 22; 65 
| 18 |...do Questionable (60 15 SO 35 65 
1 The average water-cement ratio (uncorrected for absorption) was approximate] 
0.8 for the 1:144:3 concretes and approximately 1 for the 1:2:4 concretes 











2? Freezing tests on the 1:14 
130 alternations 

3 Figures in parentheses indicate percentage of total sample affected at the end of 
280 alternations. (See Table 4.) 

460 per cent disintegrated at 130 alternations. 

590 per cent disintegrated at 130 alternations. 

6 Bottom of specimen frozen in water for 10 alternations. Failure at 110 

7 No quantitative determination. A number of fragments softened 

§ 40 per cent disintegrated at 130 alternations. 

§ 30 per cent disintegrated at 130 alternations. 


3 specimens were discontinued at the expiration of 


One complete alternation was accomplished in 24 
hours. The time of freezing for each lot was alternated 
from week to week between 8 hours and 16 hours; that 
is, during the first week one lot would freeze 8 hours 
and thaw 16 hours, and the other lot freeze 16 hours 
and thaw 8 hours. During the second week the lots 
were reversed so that eventually each specimen aver- 
aged 12 hours freezing and 12 hours thawing in each 
24-hour cycle. 

The position of the prisms in the freezing cans was 
changed daily. The prisms were placed in the cans in 
three tiers, three prisms in each tier, arranged so as to 
have a l-inch air space surrounding all specimens 


Tests for rate of freezing made by means of thermo- 7 


couples installed at the center of the prism indicated 


that the temperature of the concrete reached the freez- 9 
ing point approximately one hour after being placed, § 


in the cans. From this point the temperature dropped 


at the rate of about 9° F. per hour to a minimum of @ 
about —4°F., which was maintained until the end of the J 


cycle. 


There follows a brief summary of observations taken § 


during the freezing test on the prisms which gives, 


for each coarse aggregate, an indication of the rate at § 


which disintegration developed, as well as a statement 
of the general characteristics of the coarse aggregate. 
its rating by the sodium sulphate soundness test, and 
the results of direct freezing tests on the aggregate. 
The data given in this summary are also given in tabu- 
lar form (Tables 3, 4, and 6) except that tabular results 


for the concrete freezing tests shown in Table 6 give} 


only the number of alternations at first indication o 
failure and at final failure. Absorption and abrasion 


tests on the coarse aggregate are shown in Table ? 
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and the results of sodium sulphate and freezing and | grated in 50 alternations and completely disintegrated 
thawing tests on the aggregate in Table 4. in 65 alternations. The 1:1%:3 prisms were somewhat 

As stated before, there were two prisms for each ag- | more resistant, total failure occurring at 90 alternations. 
cregate and each of the two mixes, 1:2:4and1:1%:3. In| In neither case was the coarse aggregate affected in any 
making the studies on which the summaries which follow | way. Failure occurred through softening of mortar, 
are based, both prisms of each group were examined | followed by loosening of the bond between the mortar 
visually and thedatagivenconstitute averages forthetwo. | and the coarse aggregate. 


a : —_ Sd = ae : : ie nee Se Agqaregate No. 4. Gravel from Allegheny River, near 
DETAILED OBSERVATIONS ON SODIUM SULPHATE SOUNDNESS | 7,4, 7)" : SOE, : ys Bes 
AND FREEZING TESTS ON AGGREGATES AND ON FREEZING TESTS | /7/tisburgh, Pa-—(a) General characteristics: Gravel 
OF S:07p8 AMD 8:3:4 CONCESES consisting of rounded fragments of sandstone with some 

Aggregate No. 1. Siliceous limestone from Frederick, | quartz. Percentage of wear, modified Deval test, 12.3; 
\fd.—(a) General characteristics: A hard siliceous lime- | absorption 1.21. (6) Sodium sulphate test: Unsound. 
stone with a percentage of wear of 4.2 and a low ab- | (c) Freezing test on the aggregate: Softening of some 
sorption of 0.10. (6) Sodium sulphate test: Sound. | of the sandstone fragments noted at 21 alternations. 
c) Freezing test on the aggregate: At 21 alternations | Action progressive from that point with about 50 per 
about 5 per cent of sample showed failure by splitting | cent of entire sample affected at 230 alternations. 
along cleavage lines on planes of weakness. No Very little further action at 280 alternations. Large 





DIABASE ARGII 


ACEOUS LIMESTONI GRAVEL CONTAINING DOLOMITE, LIME- 
STONE, CHERT, GRANITE, AND SHALE 


Figure 1.—ExampLes or ConcreETE Prisms USED IN FREEZING TEstTs, SHOWING SAWED SURFACE WITH AGGRE- 
GATE Exposep. NUMBERS CORRESPOND WitH THOSE GIVEN IN TABLE 3 


further action at the end of 280 alternations. Rated | pieces of sandstone weathered slightly on surface but 
as sound by freezing test. (d) Freezing tests on con-/| did not soften or crack. Rated as unsound in freezing 
rete: Tops and sides of prisms began to scale at about test. (d) Freezing tests on the concrete: First failure 
i) alternations in the case of the 1:14%:3 prisms and at | in 1:2:4 prisms noted at about 60 alternations and in 
about 55 alternations in the case of the 1:2:4 prisms.|1:1%:3 prisms at about 70 alternations. Top of 
The 1:2:4 prisms completely disintegrated at the end | prism scaled. Corners and edges spalled. Action 


of 90 alternations. The 1:1%:3 prisms disintegrated | from this point progressed up to total failure of both 
at 100 alternations. Failure due in both cases to! sets at approximately 110 alternations. A very small 
expansion of mortar on freezing, causing splitting and | percentage of the coarse aggregate (1 to 5 per cent) 
disintegration of concrete. Coarse aggregate entirely | affected. Failure due to softening of mortar and 
unallected. Disintegration of the 1:1%:3 prisms | loosening of bond between mortar and coarse aggregate. 
secmed to progress somewhat faster in certain stages Aggregate No. 5. Gravel from Millville, N. J—(a’ 
than that of the 1:2:4 specimens, although difference |General characteristics: Gravel consisting essentially 
in behavior was not marked. of rounded fragments of sugary quartz, very friable. 

-l\ggregate No. 8. Gravel from Wateree, Richland | Percentage of wear, 27.6 by modified Deval test. Ab- 
County, S. C—(a) General characteristics: A gravel | sorption, 0.51 per cent. (6) Sodium sulphate test: 


consisting essentially of very soft, friable fragments of Sound. (c) Freezing test on aggregate: First failure 
sandstone and so-called sugary quartz. Sample showed | at 10 alternations, 95 per cent total sample affected 
% percentage of wear of 32.6 by modified Deval test | at 40 alternations, 98 per cent at 280 alternations. 
and an absorption of 0.58. (b) Sodium sulphate test:| Rated as unsound in freezing test. (d) First failure 
Sound. (¢) Freezing test on the aggregate: Softening | on 1:2:4 prisms at about 50 alternations, on 1:1%:3 
of individual pieces of sandstone noted at 10 alterna-| prisms at about 70 alternations. Corners spalling; tops 
ions. Ninety-five per cent of sample affected at 40} of 1:2:4 prisms scaling. 1:2:4 prisms about 25 per 
alternations. About 2 per cent sound at the end of | cent disintegrated at 90 alternations and completely 
28() alternations. Rated as unsound by freezing test. | disintegrated at 100 alternations. 1:1%:3 prisms about 
\¢) Freezing tests on concrete: Top and sides of 1:2:4| 10 per cent disintegrated at 80 alternations and 100 
Prisms began to scale at about 40 alternations. Cor-| per cent disintegrated at 110 alternations. Action 
hers and edges of 1:14%:3 prisms began to spall at about | somewhat slower on richer concrete. Mortar failure in 


00 alternations. 1:2:4 prisms 50 per cent disinte-' both cases. No action on coarse aggregate. 
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Aggregate No.6. Gravel from North Wilbraham, Mass.— | proximately 50 per cent of total. (6) Sodium sulphate 
(a) General characteristics: Glacial gravel consisting | test: Unsound. (c) Freezing test on aggregate: Several 
essentially of rounded fragments of quartz, quartzite, | particles disintegrated at 21 alternations; 380 per cent 
schist, and gneiss. Percentage of wear 18.3 by modified | softened at 80 alternations and 60 per cent at 280 
Deval test. Absorption 0.45 per cent. (6) Sodium | alternations. The argillaceous material completely 
sulphate test: Sound. (c) Freezing test on aggregate: | disintegrated, with white crystalline fraction weakened. 
First evidence of failure at 21 alternations, slight soften- | Rated as unsound in freezing test. (d) Freezing test on 
ing of surface of some fragments. At 80 alternations | concrete: First failure of 1:2:4 prism at 50 alternations; 
about 40 per cent of entire sample affected. Nofurther| sides and top scaling. This was followed by rapid 
action at 280 alternations. Rated as of questionable | progressive failure so that 90 per cent was disintegrated 
soundness by freezing test. (d) Freezing test on con-| at 70 alternations and 100 per cent at 90 alternations. 
crete: Top of 1:2:4 prisms sealing at corners and spall- | The action on the 1:145:3 prism was somewhat slower, 
ing at 30 alternations. Corners and edges of 1:145:3 | initial scaling and spalling not being noted until after 
prisms spalling at 40 alternations. Progressive failure | 85 alternations. Sixty per cent of prisms had disinte- 
on both sets resulting in total failure of 1:2:4 prisms | grated at 130 alternations. About 5 per cent of coarse 
at 70 alternations and total failure of 1:1%:3 prisms | aggregate (argillaceous) affected. Failure due to 
at 80 alternations. No action on coarse aggregate, | softening of mortar. Mortar still adhered to particles 
failure being due to disintegration of mortar. of coarse aggregate, indicating good bond. 

Aggregate No. 7. Dolomite from Forest, Ohio—(a)\| Aggregate No. 11. Dolomite from Thornton, Ill—(@ 
General characteristics: Dolomite, uniform in color, | General characteristics: Dolomite. Percentage of wear 
hardness, and composition. Percentage of wear, 9;| 5.3; Absorption, 1.35. About 50 per cent of total 
absorption, 1.36. (6) Sodium sulphate test: Sound. | sample very porous. Some carbonaceous matter pres- 
(c) Freezing tést on aggregate: No action to 280 alter-| ent. (6) Sodium sulphate test: Unsound. (c) Freezing 
nations. (d) Freezing test on concrete: Top of 1:2:4 | test on aggregate: Several pieces containing carbona- 
prisms scaling with corners and sides spalling at 30 | ceous matter softened at end of 21 alternations. No 
alternations. Similar action on 1:1%:3 prisms at 40 | further action at 280 alternations. Rated as sound in 
alternations, except that top did not scale. Both sets | freezing test. (d) Freezing test on concrete: Initial 
completely disintegrated at 90 alternations. No ac- | failure of 1:2:4 prism at about 50 alternations consist- 
tion on coarse aggregate. Mortar softened between | ing of scaling and surface pitting. Prisms disintegrated 
particles of coarse aggregate. Bond between mortar | 50 per cent at 140 alternations, and 100 per cent at 150 
and coarse aggregate, however, did not fail, as mortar | alternations. Mortar failure with good bond, however, 
continued to adhere to surface of coarse aggregate even | between mortar and coarse aggregate. About 10 per 
after failure of prisms. cent of aggregate affected. The 1:1%:3 prisms showed 

Aggregate No. 8. Diabase (trap) from New Taven, | first signs of failure (scaling and pitting) at 85 alterna- 
Conn.—(a) General characteristics: Diabase, uniform | tions, with 90 per cent prism disintegrated at 130 alter- 
in color, hardness, and composition. Percentage of | nations. Behavior similar to 1:2:4 prisms except that 
wear, 2.8; absorption, 0.20. (6) Sodium sulphate test: | initial action was somewhat delayed. 

Sound. (c) Freezing test on aggregate: No action in Aggregate No. 12. Argillaceous Limestone from St. 
280 alternations. (d) Freezing test on concrete: First | Paul, Afinn.—(a) General characteristics: A dark 
signs of failure in 1:2:4 prisms at 20 alternations, | argillaceous limestone, uniform in color, hardness, and 
followed by rapid progressive disintegration. Ninety | composition. Absorption 1.35 per cent. No value for 
per cent disintegrated at 50 alternations and completely | percentage of wear reported. (b) Sodium sulphate test: 
disintegrated at 65 alternations. Action on 1:1%:3 | Unsound. (c) Freezing test on aggregate: Indications 
prisms started at 40 alternations with 90 per cent dis- of surface weathering of individua! pieces at 21 alterna- 
integrated at 80 alternations followed by complete | tions; 15 per cent of sample disintegrated at 40 alterna- 
failure at 90 alternations. No action on coarse aggre- | tions and 100 per cent disintegrated at 80 alternations. 
gate. Bond between mortar and coarse aggregate | Rated as unsound in freezing test. (d) Freezing test 
loosened. on concrete: Surface pitting on 1:2:4 prism with 

Aggregate No. 9. Basalt (trap) from Bound Brook, | softening of exposed coarse aggregate noted at 20 
N. J.—(a) General characteristics: Basalt of uniform | alternations. Prisms 70 per cert disintegrated at 55 
color, hardness, and composition. Percentage of wear, , alternations and 100 per cent disintegrated at 70 alter- 
2; absorption, 0.10 percent. (6b) Sodium suphate test: | nations. All coarse aggregate softened to putty-like 
Sound. (c) Freezing test on aggregate: No action in| consistency. Similar action on 1:1%.3 prisms, except 
280 alternations. (d) Freezing test on concrete: Initial | that initial action was considerably delayed. Initial 
failure of 1:2:4 prisms at 20 alternations, followed by | failure noted at 40 alternations; prisms 40 per cent 

progressive action, with 90 per cent disintegration at | disintegrated at 85 alternations and completely disin- 
55 alternations and 100 per cent disintegration at 65/| tegrated at 100 alternations. Failure by action on 
alternations. The 1:11:3 prisms showed initial failure | both mortar and coarse aggregate. 

at 40 alternations, with 90 per cent disintegration at 85 Aggregate No. 13. Gravel from Appleton, Minnesota.— 
alternations and 100 per cent disintegration at 100 al-| (2) General characteristics: Rounded fragments ol 
ternations. Mortar softened and loosened from coarse | dolomite, limestone, chert, granite and shale. er- 
aggregate, which was unaffected. Behavior almost iden- | centage of wear, modified Deval test, 7; absorption ().49 





tical with that observed in case of aggregate No. 8. per cent. (6) Sodium sulphate test: Unsound. (¢) 

Aggregate No. 10. Limestone from Bucyrus, Ohio.—(a) | Freezing test on aggregate: Pieces of shale (about 1 per 
General characteristics: Limestone varying consider- | cent of total) disintegrated at 10 alternations. About 
ably in quality, ranging from argillaceous with percent- | per cent (schists and sandstone) disintegrated at 2! 
age of wear equaling 3.6 and absorption of 0.59 to white | alternations. No further action to 280 alternations. 
crystalline with percentage of wear equaling 7 and | Rated as sound in freezing test. (d) Freezing test o” 
absorption 2.65 per cent. Argillaceous material ap-! concrete: Initial failure due to popping out of exposed 
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shale fragments from surface. Observed on 1:2:4 
prism at 35 alternations; on 1:14:3 prism at 40 alterna- 
tions. 1:2:4 prisms 5 per cent disintegrated at 140 
alternations and completely disintegrated at 200 alter- 
nations. Observations on 1:14:3 prisms after 40 alter- 
nations meaningless because of error in freezing. 

Aggregate No. 14. Dolomite from Monroe, Mich.—(a) 
General characteristics: Siliceous and argillaceous 
dolomite with cavities. Thin bedding planes of argil- 
laceous material. Percentage of wear, 7.6; absorption, 
224. (b) Sodium sulphate test: Unsound. (¢) Freez- 
ing test on aggregate: First failure, consisting of soften- 
ing of argillaceous material, noted at 10 alternations. 
\t 30 alternations 30 per cent of entire sample affected, 
with SO per cent affected at SO alternations. Siliceous 
dolomite unaffected. No further action to 280 alterna- 
tions. Rated as unsound by freezing test. (d) Freez- 
ing test on concrete: Initial failure (sealing and spalling) 
on both sets of prisms at about 85 alternations. Forty 
per cent of the 1:2:4 prisms disintegrated at 140 alter- 
nations and 25 per cent of the 1:14%:3 prisms disinte- 
crated at 120 alternations. The 1:2:4 prisms com- 
pletely disintegrated at 160 alternations. Forty per 
cent of the 1:135:3 prisms disintegrated at 130 alterna- 
tions. Unsound particles of coarse aggregate in both 
prisms disintegrated. From 20 to 50 per cent of the 
siliceous dolomite was affected. 

Aggregate No. 16. Limestone from Buffalo, N.Y. 
a) General characteristics: Dark gray limestone con- 
taining flint. Pereentage of wear, 4.2; absorption, 0.08 
percent. (b) Sodium sulphate test: Sound. (c) Freez- 
ing test on aggregate: First indication of failure at 
SO alternations. About 5 per cent of material spalled 
along cleavage lines. No further action at 200 alter- 
nations. At 280 alternations 50 per cent of sample 
showed a softening along edges of individual pieces. 
Rated as sound in freezing test. (d) Freezing test on 
concrete: The 1: 2:4 prisms showed scaling on top at 
about 55 alternations; 10 per cent disintegrated at 90 
alternations, with two pieces of exposed chert cracked. 
Prisms 50 per cent disintegrated at 140 alternations 
and 100 per cent disintegrated at 160 alternations. 
Mortar softened. Bond with chert particles broken. 
Number of chert fragments cracked and split. The 
1:14:3 prisms showed first signs of failure at about 85 
alternations (mortar pitting on surface). Prisms were 
30 per cent disintegrated at 130 alternations, with 
particles of chert cracked and split. 

Aggregate No. 17. Blast furnace slag, from Hubbard, 
Yhio-—(a) General characteristics: A porous blast 
lurnace slag, weight per cubic foot about 70 pounds. 
Absorption 2.85 per cent. (6) Sodium sulphate test: 
Sound. (¢) Freezing test on aggregate: First evidence 
of failure at 21 alternations. At 80 alternations about 
10 per cent of sample (the light honeycombed pieces) 
Weakened. At 280 alternations about 30 per cent of 
particles weakened. Rated as sound in freezing test. 
(d) Freezing test on concrete: The 1:2:4 prisms began 
scaling at 22 alternations. At 50 alternations about 
40 per cent of prisms disintegrated. Prisms 100 per 
cent disintegrated at 65 alternations. Mortar failure. 

Oarse aggregate unaffected. 

Failure of 1:1%:3 prisms started at 40 alternations. 
At 80 alternations prisms had disintegrated 10 per cent. 
otal disintegration at 130 alternations. 
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(b) Sodium sulphate soundness test not made. (c) 
Kreezing test on aggregate: First evidence of failure at 
21 alternations. About 1 per cent of total sample 
(light, porous pieces) weakened. No noticeable fur- 
ther action until 280 alternations, at which examination 
showed about 60 per cent of sample weakened. Rated 
as of questionable soundness in freezing test. (d) 
Freezing test on concrete: The 1:2:4 prisms showed 





FIGURE 2.- 
ALTERNATE FREEZING AND THAWING. 
POND WitTH THOSE GIVEN IN TABLE 3. 


EXAMPLES TYPICAL OF CONCRETE PRISMS AFTER 
NUMBERS CorREs- 

PRISMS IN UPPER 
PuHotToGrRaPH, 1:1%:3 Mix Arrer 83 ALTERNATIONS; 
LOWER PHOTOGRAPH, 1: 2:4 M1ix AFTER 140 ALTERNATIONS 


scaling on top and sides at 35 alternations. Prisms 
50 per cent disintegrated at 55 alternations and com- 
pletely disintegrated at 65 alternations. Mortar fail- 
ure, although some of the lighter slag fragments were 
weakened. The 1:14:3 prisms started pitting and 
scaling at 15 alternations. Prisms were 100 per cent 
disintegrated at 80 alternations. A mortar failure, 
although light honeycombed pieces of slag were affected. 
DISCUSSION 


The most interesting fact to be noted from a study 
of these results is that, in spite of the wide variation 
in the quality of the coarse aggregate used, failure of the 
concrete due to freezing and thawing in practically all 
instances was due to a weakening and consequent break- 
ing down of the mortar portion of the concrete. Al- 


| though a number of the coarse aggregates were composed 


_<lggregate No. 18. Blast Furnace slag from Leetonia, | 


Jivio. 


Weight 


(1) General characteristics: Blast furnace slag. 
per cubic foot 


approximately 85 pounds. | 


of either very soft or friable pieces, or showed unsound- 
ness by the sodium sulphate test, the concretes in which 
these materials were used were, in general, just as 
resistant as concrete containing coarse aggregate of 
known durability. This applied to both the 1:2:4 
and the 1:14:3 mixtures, although a study of the data 
will show in almost all cases greater resistance in the 
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1:1%:3 mixes. This is due, no doubt, to the fact that | | number of so-called border-line materials—materials 
in the richer mixtures the aggregates were inc orporated | which are frequently rejected because of failure to meet 
in a paste having a considerably lower water-cement | some arbitrary laboratory test but concerning the real 
ratio, with consequently increased resistance to frost | value of which we have little data. 
action. In this connection it is of interest to call attention to 
Included in this series of tests were six aggregates | the results which were secured on aggregate No. 15, a 
which were rated as unsound in the sodium sulphate | cherty limestone from Quincy, Ill. These results, as 
test. Two of these were gravels and four limestones. | well as those for aggregate No. 2, Potomac River gravel, 
In only one case (aggregate No. 12), an argillaceous | were not included in Tables 5 and 6 because a different 
limestone, is there any indication that failure may have | cement was used in making up the concrete and direct 
been accelerated by the character of the coarse aggre-| comparisons are therefore not possible. However, 
gate. However, even in this case as many alternations | obse ag of the concrete prisms containing aggre- 
were required to disintegrate the concrete as were | gate No. 15 indicated beyond doubt that disintegration 
necessary in the case of the concrete containing the trap | in this particular coarse aggregate was accomp: anied by 
rock aggregates, Nos. 8 and 9, both of which were of | volume change. In both prisms the first noticeable 
unquestioned soundness. Aggregate No. 14, which | action was a popping out of exposed chert particles in a 
was also an argillaceous material, showed up very well | manner similar to that observed in actual service. This 
in cycle No. 3, although the 1: 3:6 specimens contain- | action started at five alterations of freezing and thaw- 
ing this aggregate were very badly affected as evidenced | ing. This particular aggregate contained approxi- 
by the failure of the beams in cycle No. 2 to stand any | mately 70 per cent chert by weight. 
appreciable load. (See Table 5.) This is an apparent It is realized that the method of evaluating the results 
reversal in behavior which it is rather difficult to explain. | of freezing tests by means of a visual examination of the 
It is of course possible that the specimens had become | specimen has many drawbacks. It involves the per- 
weakened through action on the coarse aggregate some | sonal equation to a considerable extent and also fails to 
time before actual disintegration took place. It is| express quantitatively any weakening of the concrete 
interesting to note, however, that no evidence what-| due to frost action which is not manifested in actual 
ever of weathering (that is, surface scaling, pitting, | disintegration. At the time these tests were made, 
etc.), which in most cases appeared at about 40 alter- | however, the bureau’s facilities for conducting freezing 
nations, was observed until 85 alternations had been | tests did not permit of the storing of specimens ot! 
made. This would certainly indicate that the unsound- | sufficient size for strength tests after freezing. 
ness noted in this particular aggregate was not accom- In spite of these objections it is felt that the observa- 
panied by appreciable volume change, such as occurs | tions made in connection with this work were sufliciently 
when certain varieties of chert are subjected to frost | precise to enable us to draw a reasonably accurate 
action. picture of the relative behavior of these specimens in 
Gravels No. 3 and No. 5 are of interest because they | the freezing test. The tests were not extensive enough 
represent a certain type of very friable quartz gravel | to warrant drawing definite conclusions. It is believed, 
known as sugary quartz which occurs along the Atlan- | however, that certain trends have been indicated with 
tic seaboard. Because of their extreme friability the | sufficient definiteness to throw some additional light on 
use of these aggregates has been questioned by many | this particular problem. These indications are as 
engineers. These tests indicate that, although the | follows: 
aggregates failed in a direct freezing test, they were That, within the range in variation of aggregate 
not of such a character as to cause unsoundness in the | quality covered by these tests, variations in the quality 
concrete. The same is true of aggregate No. 4, from | of mortar caused by changes in the water-cement ratio 
the Allegheny River, near Pittsburgh. Although show- | of the cement paste will have a greater effect upon the 
ing unsound in the sodium sulphate test, this unsound- | resistance of concrete to frost action than will variations 
ness did not apparently contribute in any way to the | in the type and character of the coarse aggregate. 
failure of the 1:1%:3 or 1:2:4 concrete prisms. With That failure of coarse aggregates in the sodium 
the possible exception of aggregate No. 12, this seemed wlan soundness test is not nee -essarily an indicatiou 
to be true also of all of the other aggregates which were | that the aggregate is unsatisfactory for use in concrete 
rated as unsound in the sodium sulphate test. Here | to be exposed to the weather. ; 
again, this particular behavior is due probably to the | 
fact that in none of these cases did unsoundness 
manifest itself by violent volume change in the coarse 
gregate. The results indicate that where the type 
Teanaie i is such that weathering produces merely a | since, of the money so reinvested in productive indus- 
softening of the fragments, unaccompanied by volume | try, labor again receives the major part, it is not unrea- 
change, the ultimate behavior of the concrete will be | sonable to suggest that as much as 90 per cent and 
controlled largely by the quality of the cement matrix, | probably more of the original expenditure for a concrete 
rather than by the quality of the aggregate. It should pavement ultimately finds its w ‘ay into wages and sal- 
be remembered that no attempt was made to include | aries and that this percentage is not ereatly changed 
manifestly unsatisfactory materials, such as shale, in| by the turn of the cycle from prosperity to depression 
this series of tests. The idea was rather to include a! and back again. 
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